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(57)Abstract: 

PROBLEM TO BE SOLVED: To eliminate the effects of a 
remaining strain of a piezoelectric film by specifying the 
width of the grain boundary of the piezoelectric film, and 
eliminating the presence of foreign substances after 
polarizing an element thereof to form a discontinuous layer 
with the crystal grain boundary which is not continuous to 

the orientation of adjacent crystal grains. ^ ^^^g^^^ tT^lf^ 

SOLUTION: None or little foreign substrate exists even 
after polarizing a piezoelectric film element at the grain 

boundary of crystals of a piezoelectric film 15, also the ^^^^^^^^^^^^^^ti 



grain boundary width is 5 nm or less, it is a discontinuous 
layer with the crystal grain boundary which is not 
continuous to the orientation of adjacent crystal grains. 
Such a structure is suitably attained even in the geJ-sol 
method, utilizing the MOD process for manufacturing the 
piezoelectric film 15. This manufacturing method is for 
preparing an inorg. oxide by suppressing the hydrolysis of a 
metal alkoxide/acetate, using alkanolamine or 
acetylacetone, etc., and heating and baking a stably 
dispersed sol. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the piezo electric crystal thin film to which the grain boundary where the orientation 
of this crystal grain does not continue is formed between the crystal grain and crystal grain which 
constitute said piezo electric crystal thin film, and the foreign matter which deposited from said 
crystal grain does not exist in this grain boundary mostly in the piezo electric crystal thin film 
equipped with the piezo electric crystal thin film, and the up electrode arranged on both sides of 
this piezo electric crystal film and a lower electrode. 

[Claim 2] Furthermore, that of said grain boundary is a piezo electric crystal thin film according to 
claim 1 whose ** is 5nm or less. 

[Claim 3] That of this grain boundary is a piezo electric crystal thin film whose ** the grain 
boundary where the orientation of this crystal grain does not continue is formed between the 
crystal grain and crystal grain which constitute said piezo electric crystal thin film in the piezo 
electric crystal thin film equipped with the piezo electric crystal thin film, and the up electrode 
arranged on both sides of this piezo electric crystal film and a lower electrode, and is 5nm or less 
further. 

[Claim 4] Claim 1 to which said crystal grain constitutes the shape of a column to said vertical 
electrode, and said grain boundary exists perpendicularly mostly to said vertical electrode thru/or 
the piezo electric crystal thin film of three given in any 1 term. 

[Claim 5] the crystal orientation of said piezo electric crystal thin film — or (1 1 1) (100) — it is — 
claim 1 thru/or the piezo electric crystal thin film of four given in any 1 term. 

[Claim 6] For a presentation to be the predetermined compound which consists of a configuration 
element of said piezo electric crystal thin film, and for this piezo electric crystal thin film 
demonstrate a piezo-electric operation, said foreign matter is a piezo electric crystal thin film 
according to claim 1 which is the compound which has a different presentation. 
[Claim 7] The allowance content of said foreign matter is a piezo electric crystal thin film 
according to claim 1 which is what makes a required value an upper limit when attaining that a 
residual strain does not remain mostly after electric field are impressed to said piezo electric 
crystal thin film. 

[Claim 8] Claim 1 to which an MOD process comes to form said piezo electric crystal thin film 
thru/or the piezo electric crystal thin film of seven given in any 1 term. 

[Claim 9] The piezo electric crystal thin film according to claim 1 or 3 to which the orientation of 
field bearing of said crystal grain meets mostly the orientation of the polarization shaft of said 
piezo electric crystal thin film. 

[Claim 10] The actuator using said claim 1 thru/or the piezo electric crystal thin film of nine given 
in any 1 term as a source of mechanical energy. 

[Claim 11] The manufacture approach of the piezo electric crystal thin film which is the 
manufacture approach of the piezo electric crystal thin film equipped with the process which 
arranges an up electrode and a lower electrode on both sides of the piezo electric crystal thin film 
which consists of the polycrystalline substance, performs said piezo electric crystal film formation 
process according to an MOD process, and is characterized by obtaining a piezo electric crystal 
thin film according to claim 1 or 3 by this. 



[Claim 12] The ink jet type recording head which equipped any 1 term of claim 1 thru/or claim 9 
with the piezo electric crystal thin film of a publication as a trembler. 

[Claim 13] While closing the substrate with which the ink room was formed, and one side of the ink 
room concerned While closing the field of the diaphragm with which the piezo electric crystal thin 
film in flexurally oscillating mode was fixed to the front face, and another side of said ink room The 
ink jet type recording head to which it is the ink jet type recording head which comes to have the 
nozzle plate with which nozzle opening for ink regurgitation was formed, and said piezo electric 
crystal thin film becomes any 1 term of claim 1 thru/or claim 9 from the piezo electric crystal thin 
film of a publication. 

[Claim 14] The ink jet printer equipped with the ink jet recording head according to claim 12 or 13. 
[Claim 15] The piezo electric crystal thin film whose residual distortion of said piezo electric 
crystal thin film is 2.5x10 to four or less in the piezo electric crystal thin film equipped with the 
piezo electric crystal thin film it was made to be distorted by impressing electric field. 
[Claim 16] A piezoelectric constant is the piezo electric crystal thin film of 150 or more pC/N 
according to claim 15. 

[Claim 17] The actuator which used the piezo electric crystal thin film according to claim 15 or 16 
as a vibration source. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a piezo electric crystal thin film and its 
manufacture approach. This invention relates to the ink jet printer using the ink jet recording head 
and this which used this piezo electric crystal component further. In detail, this invention relates to 
amelioration of the new piezo electric crystal thin film which reduced the residual strain as much 
as possible. 
[0002] 

[Description of the Prior Art] The actuator using a piezo electric crystal thin film transforms 
electric energy into mechanical energy, or performs the reverse, and is used for a pressure sensor, 
a temperature sensor, an ink jet type recording head, etc. In this ink jet type recording head, the 
piezo electric crystal thin film is used as vibrator used as the driving source of the ink 
regurgitation. 

[0003] This piezo electric crystal thin film has the structure generally equipped with the piezo 
electric crystal thin film which consists of the polycrystalline substance, and the up electrode and 
lower electrode which are arranged on both sides of this piezo electric crystal thin film. Generally 
the presentation of this piezo electric crystal thin film is made into the binary system which uses 
titanic-acid lead zirconate (henceforth "PZT") as a principal component, or the three-component 
system which added the third component to PZT of this binary system. 

[0004] The piezo electric crystal thin film of these presentations is formed by a spatter, the sol gel 
process, the MOD process (Metalo organic decomposition process), the laser ablation method, a 
CVD method, etc. The ferroelectric using binary system PZT as these examples is indicated by 
"Applied Physics Letters, 1991, Vol.58, No.11, and pages 1161-1163/' Moreover, JP,6-40035,A and 
the piezo electric crystal which used binary system PZT for "Journal of The American Ceramic 
Society, 1973, Vol.56, No.2, and pages 91-96" are indicated. 

[0005] When applying a piezo electric crystal thin film to for example, an ink jet type recording 
head, the piezo electric crystal thin film (PZT film) equipped with 0.4 micrometers - about 20 
micrometers thickness is suitable. Since a high piezoelectric strain constant is required of this 
piezo electric crystal thin film, it heat-treats at the temperature of 700 degrees C or more, and it 
is usually supposed that it is required to grow up the crystal grain of this piezo electric crystal thin 
film. 
[0006] 

[Problem(s) to be Solved by the Invention] When forming the piezo electric crystal thin film (PZT 

film) equipped with thickness 0.5 micrometers or more and it heat-treats in order to obtain a high 

piezoelectric strain constant, the problem that a crack occurs is in the film. 

[0007] Moreover, the approach of thickening thickness of a piezo electric crystal thin film by 

applying a sol or a gel constituent calcinating at an elevated temperature, crystallizing a piezo 

electric crystal thin film, and repeating this is "Philips J.Res.47 (1993') pages 263-285". It is 

indicated. 

[0008] The piezo electric crystal thin film obtained by this approach has the problem that 
workability is bad while it has a layer-like laminating interface and cannot acquire a good piezo- 



electric property. Moreover, if it heat-treats repeatedly, it will lead also to degradation of piezo- 
electric properties, like a crystal becomes non-orientation. 

[0009] Here, although a piezo electric crystal thin film is usually formed on the lower electrode 
formed on the substrate, the problem that curvature and a strain arise is in a substrate by heat 
treatment performed in case this piezo electric crystal thin film is formed. Moreover, it is also 
required between a lower electrode and a piezo electric crystal thin film to acquire good adhesion. 
[0010] Then, in order to raise the piezo-electric distorted constant of a piezo electric crystal thin 
film, when this invention persons examined many things, it found out that it was effective that the 
crystal of a piezo electric crystal thin film is predetermined crystal orientation, and have a 
columnar structure, and particle size has further the crystal structure which are 0.1 micrometers 
thru/or 0.5 micrometers (Japanese Patent Application No. No. 288757 [ nine to ]). 
[001 1] However, when this invention persons inquired further, it came to discover the following 
problems. When electric field are impressed to the piezo electric crystal thin film of a virginal state, 
even if it removes this, a residual strain and a polarization strain occur in a piezo electric crystal 
thin film, and cannot acquire a good piezo-electric distortion property (variation rate property). 
That is, if electric field join a piezo electric crystal thin film and polarization of this is carried out, it 
will move in the domain (crystal grain) of the piezo electric crystal which forms a piezo electric 
crystal thin film so that a polarization shaft may be set in the direction of electric field. Then, it is 
thought that a cavity occurs in the grain boundary of particles and this causes a residual strain. 
[0012] Then, in order that this invention may solve this technical problem, the effect of the 
residual strain in a piezo electric crystal thin film can be removed, and it aims at offering the 
device excellent in the piezo-electric strain property. 
[0013] 

[Means for Solving the Problem] As a result of this invention person's examining many things about 
the piezo electric crystal thin film which can attain such an object, it came to find out the piezo 
electric crystal thin film equipped with the following properties. ) 
[0014] There is [ whose foreign matter does not exist in it after carrying out polarization 
processing (polling) of the piezo electric crystal thin film to the grain boundary which is a boundary 
of the crystal grain of a piezo electric crystal thin film ] little abundance of a foreign matter. 
Moreover, the width of face of a grain boundary should be 5nm or less. Moreover, the orientation of 
the crystal grain with which the grain boundary adjoins should be a not continuous discontinuity 
layer. 

[0015] According to this invention person's knowledge, such structure is suitably attained also in a 
sol gel process by using an MOD process as stated above for manufacture of a piezo electric 
crystal thin film. Although a foreign matter is a compound formed from the element which 
constitutes PZT, that in which the presentation differs from PZT is said. 

[0016] For example, it is lead oxide (PbO). After impressing electric field to a piezo electric crystal 
thin film, the abundance of a foreign matter should just be regulated so that the abundance of a 
foreign matter may become the range of a request of a residual strain. For example, 2.5x10 to four 
or less are desirable. Or it is the range where improvement in the piezo-electric effect like the 
after-mentioned is obtained. After polarization processing of the piezo electric crystal thin film 
with which a foreign matter exists is carried out, it is clear to become the cause of a residual strain 
by X diffraction analysis mentioned later. In addition, a residual strain means a strain in case field 
strength is 0 kv/cm. 

[0017] Since there is little migration of the domain of the piezo electric crystal thin film produced 
by electric-field impression at the time of polarization processing of a piezo electric crystal thin 
film or actuation according to this invention, there is [ whether a residual strain is small and ] 
almost nothing. This means that there are few hysteresis properties over electric-field impression 
for a piezo electric crystal thin film. Consequently, a distortion-electrical-potential-difference 
(electric field) property is good, and can offer a piezo electric crystal thin film with a big variation 
rate. 

[0018] The piezoelectric constant d31 from which an index is served as, the piezo-electric effect, 
i.e., displacement-voltage characteristic, of a piezo electric crystal thin film of this invention, is 180 
or more pc/N, and becomes possible [ obtaining the piezoelectric constant of 1.2 times or more ] 



as compared with the conventional thing. 

[0019] When the variation rate of the piezo electric crystal film impresses an electrical potential 
difference to a piezo electric crystal thin film, it is generated from a gap of the relative position of 
a metal atom and an oxygen atom. In the grain boundary between domains (between adjacent 
crystal grain), an opening occurs as a result of migration of a domain. Existence of this opening 
reduces the withstand voltage of a piezo electric crystal thin film. 

[0020] It is checked by this invention person that decreasing a foreign matter makes a residual 
strain fall. Moreover, in this invention, lessening width of face of the grain boundary in a piezo 
electric crystal thin film leads to the ability of the grain boundary itself [ used as the radical of the 
opening leading to residual distortion ] to be controlled. 

[0021] The crystal grain of a piezo electric crystal thin film constitutes the shape of a column to a 
vertical electrode, and it is desirable that the direction of field bearing of the crystal concerned is 
field (001) bearing of tetragonal system or field (111) bearing of a rhombohedral system. In addition, 
it is good also in the field bearing of (100). 

[0022] Since crystallization of the piezo electric crystal thin film by the sol gel process or the MOD 
process takes place from a lower electrode side, when controlling the crystal orientation of a piezo 
electric crystal thin film, it needs to be devised. For this reason, it is possible to form seed crystal 
when forming the crystal of a piezo electric crystal thin film on a bottom electrode. 
[0023] Seed crystal (source of a crystal) is constituted on the platinum crystal which consists of 
titanium and constitutes a lower electrode, or its grain boundary. Said piezo electric crystal thin 
film has the crystal orientation of field bearing as stated above, and is equipped with the column- 
like particle size of 0.1 micrometers thru/or the 0.5-micrometer crystal structure. 
[0024] Furthermore, the crystal of the piezo electric crystal film which grew as a nucleus is 
suitably formed ranging over two or more crystal grain of a lower electrode in the source of a 
crystal formed in the grain boundary of a lower electrode. By carrying out like this, the adhesion 
between a piezo electric crystal thin film and a lower electrode improves. 

[0025] Furthermore, other piezo electric crystal thin films of this invention are characterized by 
becoming more than a value almost equal to the particle size of said lower electrode, or it, when 
the particle size of said lower electrode is set as a desirable particle size when said piezo electric 
crystal demonstrates a piezo-electric property, and the particle size of the crystal of said piezo 
electric crystal grows considering said source of a crystal as a nucleus. 

[0026] The ink jet type recording head of this invention is characterized by having a piezo electric 
crystal thin film as stated above as vibrator. With one operation gestalt, this ink jet type recording 
head is characterized by coming to have the substrate with which the ink room was formed, the 
diaphragm with which the piezo electric crystal thin film in flexurally oscillating mode was fixed to 
the front face while closing one side of the ink room concerned, and the nozzle plate with which 
nozzle opening for ink regurgitation was formed while closing the field of another side of said ink 
room, and said piezo electric crystal thin film consisting of a piezo electric crystal thin film as 
stated above. 

[0027] By forming an island-like crystal kind on between [ which constitutes a lower electrode ] 
platinum crystal grain, this seed crystal is used as a nucleus, and it grows up in the shape of a 
column, and has the predetermined field bearing orientation **** crystal structure. When it is going 
to obtain the orientation of (1 1 1), this island-like titanium is not used. 

[0028] Furthermore, when the crystal of said lower electrode is set as a desirable particle size 
when said piezo electric crystal demonstrates a piezo-electric property, and the crystal of said 
piezo electric crystal grows considering said source of a crystal as a nucleus, the diameter of 
crystal grain of said piezo electric crystal can be carried out beyond a value almost equal to the 
particle size of a lower electrode. That is, since the crystal of a piezo electric crystal thin film can 
have the structure over two or more lower electrode crystals, it becomes possible to have the 
particle size exceeding the particle size of a lower electrode. Moreover, by forming the source of a 
crystal in the grain boundary which cannot receive effect in the stacking tendency of a lower 
electrode crystal easily, the crystal of a piezo electric crystal thin film can grow as a nucleus, can 
have this source of a crystal, and the stacking tendency of a piezo electric crystal thin film crystal 
can be made into the target thing. 



[0029] Furthermore, this invention is characterized by the residual distortion of said piezo electric 
crystal thin film being 2.5x10 to four or less in the piezo electric crystal thin film equipped with the 
piezo electric crystal thin film it was made to be distorted by impressing electric field. A 
piezoelectric constant is 150 or more pC/N preferably. Furthermore, this invention is characterized 
by being the actuator which used these piezo electric crystal thin films as a vibration source. 
[0030] 

[Embodiment of the Invention] Next, the gestalt of operation concerning this invention is explained 
with reference to a drawing. In addition, the gestalt of this operation explains the case where the 
PZT film is formed as piezo electric crystal film. Drawing 1 is the mimetic diagram showing the 
configuration of the piezo electric crystal component concerning this invention. As shown in 
drawing 1 , this piezo electric crystal thin film is equipped with the up electrode 16 formed on a 
silicon substrate 11, the silicon oxide 12 formed on the silicon substrate 11, the lower electrode 14 
formed on silicon oxide the titanic-acid-ized film (Ti/Ti02/Ti) 13 formed 12 top and the titanic- 
acid-ized film 13, the PZT film 15 formed on the lower electrode 14, and the PZT film 15, and is 
constituted. This titanic-acid-ized film is for improving the adhesion of a lower electrode and a 
PZT thin film. A vertical electrode consists of platinum, for example, respectively. 
[0031] The PZT film 15 consists of the polycrystalline substance, and as the grain boundary of this 
crystal grain shows drawing 14 and drawing 15 , it exists in the direction which extends to the flat 
surface of the vertical section electrodes 14 and 16 in an abbreviation perpendicular direction and 
the direction of thickness of a piezo electric crystal thin film. That is, the columnar structure is 
accomplished like the after-mentioned [ the crystal grain of PZT ]. 

[0032] Orientation of the crystal structure of this PZT film 15 is mainly carried out to the crystal 
face of which field bearing as stated above. 

[0033] here — "the amount of preferred orientation" — for example, the wide angle XRD — when 
the reflectivity of the field bearing (XYZ) side of the PZT film is expressed with I (XYZ) by law, it is 
defined as being what is expressed as I(XYZ)/[I(100) +1(1 10) +1 (1 11)}. 

[0034] That to which this PZT film 15 uses binary system as a principal component, and the thing 
which uses as a principal component three-component system which added the third component 
to this binary system are used suitably. What has the presentation expressed with the chemical 
formula of Pb(ZrxTi 1-x) 03+YPbO (being here 0.40<=X<=0.6, 0<=Y<=0.3) as a desirable example of 
binary system PZT is mentioned. 

[0035] Moreover, as a desirable example of three-component system PZT, what has the 
presentation expressed with the chemical formula shown in the following which added the third 
component is mentioned to PZT of said binary system. 

[0036] PbTiaZrb(AgBh) c03+ePbO+(fMgO)n (here, A expresses the trivalent metal chosen from the 
group which consists of a divalent metal chosen from the group which consists of Mg, Co, Zn, Cd, 
Mn, and nickel, or Sb, Y T Fe, Sc, Yb, Lu, In and Cr.) Moreover, B expresses the pentavalent metal 
chosen from the group which consists of Nb, Ta, and Sb, or the metal of 6 ** chosen from the 
group which consists of W and Te. Moreover, although it is a+b+c=1, 0.35<=a<=0.55, 0.25<=b<=0.55, 

0. 1<=c<=0.4, 0<=e<=0.3, 0<=f<=0.15c, g=f^1/2, and n= 0 however, A — a trivalent metal — it is — 
and B — the metal of 6 ** — not but — moreover, the case where g is 1/3, and h is 2/3, and Mg 
and B of A are Nb(s) when A is a divalent metal and B is a pentavalent metal — as long as — n 
expresses 1. As a more desirable example of three-component system, magnesium lead niobate, 

1. e., A, is Mg, B is Nb, and that 1 /whose 3h g is 2/3 is mentioned. 

[0037] Furthermore, even if it is any of these binary system PZT and three-component system 
PZT, in order to improve the piezo-electric property, Ba, Sr, La, Nd, Nb, Ta, Sb, Bi, W, Mo, calcium, 
etc. of a minute amount may be added. In three-component system, addition of Sr not more than 
0.10 mol % and Ba is especially much more desirable to an improvement of a piezo-electric 
property. Moreover, since addition of Mn not more than 0.10 mol % and nickel improves the degree 
of sintering in three-component system, it is desirable. 

[0038] Next, the manufacture approach of the piezo electric crystal thin film equipped with this 
structure is explained with reference to a drawing. Drawing 2 (a) thru/or drawing 2 (c) are the 
sectional views showing the production process of the piezo electric crystal thin film mentioned 
above. At the process shown in drawing 2 (a), it oxidizes thermally to a silicon substrate 11, and 



the silicon oxide 12 whose thickness is about 0.3-1.2 micrometers is formed on a silicon substrate 
11. Next, thickness forms the titanic-acid-ized film 13 which is 0.01 micrometers thru/or about 
0.04 micrometers on silicon oxide 12 by the spatter. Subsequently, the diameter of crystal grain 
forms the lower electrode 14 which consists of platinum by 0.01 thru/or 0.3 micrometers on the 
titanic-acid-ized film 13 by the spatter at about 0.2-0.8-micrometer thickness. 
[0039] Next, at the process shown in drawing 2 (b), titanium is formed in the shape of an island by 
the spatter on the lower electrode 14 formed at the process shown in drawing 2 (a). Island-like 
titanium can be formed by making this titanium into 40 thru/or 60A thickness. 
[0040] the crystal structure of the piezo electric crystal thin film which grew considering this 
titanium as a source of a crystal — or (001) (100) it has the orientation to a field and crystal grain 
is set to 0.1 micrometers thru/or 0.5 micrometers. In making crystal system of a PZT thin film into 
a rhombohedral system (111), it does not use the process which forms island-like titanium. 
[0041] This manufacture approach is an approach of carrying out heating baking of a metal alkoxide 
and the sol which controlled hydrolysis of acetate and carried out stable distribution using 
alkanolamine or an acetylacetone, and adjusting an inorganic oxide. This manufacture approach 
consists of each following process. 

[0042] a. In the gestalt of membrane formation process book operation of a sol constituent, the 
constituent for PZT thin film fabrication can distribute the metaled alkoxide or the acetate which 
can form the PZT film which is the metal component of the sol for constituting the PZT film among 
the 2-n-butoxy ethanol as for example, a main solvent, and can be adjusted. At this time, 2 and 2' 
imino JIETA Norian (an alkoxide or hydrolysis inhibitor to acetate) is simultaneously put in into a 
solution. 

[0043] In this invention, the presentation of the PZT film mentioned above can be acquired by 
controlling the presentation of the metal in a sol. That is, let titanium, a zirconium, lead, the 
alkoxide of each metal component of further others, or acetate be a start raw material. 
[0044] Here, there is an advantage that the presentation of the metal component which will 
constitute the PZT film by the time it considers as the PZT film (piezo electric crystal thin film) 
eventually is maintained mostly. That is, the presentation of a metal component [ in / there are 
very little metal component and fluctuation especially according to evaporation of a lead 
component etc. during baking and annealing treatment, therefore / these start raw materials ] will 
be in agreement with the metal presentation in the PZT film obtained eventually. That is, the 
presentation of a sol is determined according to the piezo electric crystal film (the gestalt of this 
operation PZT film) which it is going to generate. 

[0045] Moreover, in order to obtain the PZT film which does not have lack of a lead component by 
evaporation of the lead component mentioned above with the gestalt of this operation, 15-mol the 
thing carried out to an excess to % is preferably more desirable than the amount of which a lead 
component is required from a stoichiometry in a sol to 20-mol %. 

[0046] As for this sol, with the gestalt of this operation, it is desirable to be used as a constituent 
mixed with the organic high molecular compound. This organic high molecular compound prevents 
effectively that absorb the residual stress of a thin film at the time of desiccation and baking, and a 
crack arises in this thin film. If the gel containing this organic macromolecule is specifically used, 
pore will arise in the gelled thin film which is mentioned later. It is thought that this pore absorbs 
the residual stress of a thin film in pre annealing and the annealing process which are mentioned 
further later. 

[0047] Here, as an organic high molecular compound used preferably, polyvinyl acetate, 
hydroxypropylcellulose, a polyethylene glycol, the polyethylene-glycol monomethyl ether, a 
polypropylene glycol, polyvinyl alcohol, polyacrylic acid, a polyamide, polyamic acid, an acetyl 
cellulose, its derivative, and those copolymers are mentioned. 

[0048] In addition, with the gestalt of this operation, the porosity gel thin film which is 1 
micrometer or less in magnitude, and had large distribution can be formed by adding a hydroxy pro 
PUROPI cellulose for the porosity gel thin film which has much about 0.05-micrometer pores by 
adding polyvinyl acetate. 

[0049] With the gestalt of this operation, a with an average molecular weight of about 285 to 800 
thing is suitably used as a polyethylene glycol. Moreover, as a polypropylene glycol, a with an 



average molecular weight of about 300 to 800 thing is used suitably. 

[0050] By the manufacture approach concerning the gestalt of this operation, this sol constituent 
is first applied on the lower electrode 14 (refer to drawing 2 (b)) which is going to form the PZT 
film 15. Especially the method of application at this time is not limited, but the approach usually 
performed, for example, a spin coat, (1500 revolutions per minute), a DIP coat a roll coat, a bar 
coat, etc. can perform it Moreover, it can also apply by flexographic printing, screen-stencil, offset 
printing, etc. 

[0051] Moreover, when the process after it is taken into consideration, as for the thickness of the 
film per [ which is formed of said spreading ] layer, it is desirable to control so that the thickness 
of the porosity gel thin film formed in the gelation process mentioned later is set to 0.1 thru/or 0.3 
micrometers, and it is good to be more preferably referred to as about 0.15 micrometers. 
[0052] Next, the applied sol constituent is heated at air drying or the temperature (for example, 
180-degree Centigrade 10 minutes) of 200 degrees C or less. Here, said sol constituent can be 
further applied on this film dried (heating), and thickness can also be thickened. In this case, as for 
the film used as a substrate, it is desirable to dry at the temperature of 80 degrees C or more. 
[0053] b. Calcinate the film obtained at the gelation process of the film which consists of a sol 
constituent next the membrane formation process of a sol constituent mentioned above, and form 
the porosity gel thin film which consists of an amorphous metallic oxide which does not contain the 
residual organic substance substantially. Baking is sufficient temperature to gel the film of a sol 
constituent and remove the organic substance out of the film, and is performed by [ sufficient ] 
carrying out time amount heating. 

[0054] It is desirable to make burning temperature into 300-500 degrees C with the gestalt of this 
operation, and it is still more desirable to make it 380-420 degrees C. Although it changes with 
temperature and the formats of a furnace to be used, when a cleaning furnace is used for example, 
about 10-120 minutes of firing time are desirable, and it is more desirable to consider as about 15 
- 60 minutes. Moreover, when a hot plate is used, about 1-60 minutes is desirable, and it is still 
more desirable to consider as about 5-30 minutes. Of the above process, a porosity gel thin film 
is formed on the lower electrode 14. 

[0055] c. Carry out heating baking of the porosity gel thin film obtained at the pre annealing 
process, next the process b mentioned above, and change this film into the film which consists of a 
metal oxide film of a crystalline substance. What is necessary is not to perform baking until a 
perovskite mold crystal occupies most during a crystal, and just to terminate it when a gel thin film 
crystallizes to homogeneity although carried out at temperature required in order to change a 
porosity gel thin film into the film which consists of a metallic oxide of a crystalline substance. With 
the gestalt of this operation, as a burning temperature, the range of 500-800 degrees C is 
desirable, and it is more desirable to calcinate in the range which is 550-750 degrees C. Although it 
changes with burning temperature and the formats of a furnace to be used, when using an 
annealing furnace, for example, about 0.1 - 5 hours of firing time are desirable, and it is more 
desirable. [ of about 0.5 - 2 hours ] Moreover, when a RTA (Rapid Thermal Annealing) furnace is 
used, about 0.1 ~10 minutes is desirable, and about 1-5 minutes is more desirable. Here, in RTA, 
heating for 1 minute was performed Centigrade 600-degree 5-minute + Centigrade 725 degrees in 
an oxygen ambient atmosphere. 

[0056] Moreover, with the gestalt of this operation, this pre annealing process can be divided into 
two steps, and can be carried out As a first stage story, annealing can be performed at the 
temperature of the range of 500-600 degrees C, next, specifically, annealing can be first performed 
at the temperature of the range of 600-800 degrees C as a second stage story. Furthermore, as a 
first stage story, annealing can be performed at the temperature of the range of 500-550 degrees 
C, next annealing can be preferably performed at the temperature of the range of 600-750 degrees 
C as a second stage story. According to this process, the porosity gel thin film was transformed to 
the film which consists of a metal oxide film of a crystalline substance. 

[0057] d. Change into the film which consists of a metal oxide film according to the pre annealing 
process of Process C after repeating the processes a and b mentioned above further 3 times a 
repeat process, next henceforth and carrying out the four-layer laminating of the polycrystal gel 
thin film. 



[0058] In ranking second or (100) (001) forming the piezo electric crystal thin film of orientation, 
titanium is formed in the shape of an island by the approach as stated above on PZT, and it 
repeats the processes a, b, and c as stated above further 4 times. 

[0059] What is necessary is just to determine suitably the number of laminatings of the cascade 
screen obtained as a result of this repeat process in consideration of the thickness of the final 
PZT film 15. Here, it is good that it is 0.15 micrometers of hits much more. In addition, it cannot be 
overemphasized that it is desirable that it is the thickness which a crack etc. does not generate in 
degree process (process e) mentioned later. 

[0060] At this repeat process, the porosity gel thin film which newly formed the porosity gel thin 
film and was newly formed on the film formed previously as a result of subsequent pre annealing 
turns into film formed previously and film unified substantially. 

[0061] Here, a discontinuity layer may be not only when there is no discontinuity layer between the 
layers by which the laminating was carried out to the film unified substantially but between the 
layers by which the laminating was carried out unlike the case of the PZT film 1 5 concerning the 
gestalt of this operation obtained eventually. And in repeating Processes a and b further, a still 
newer porosity gel thin film is formed, and this new porosity gel thin film turns into film 
substantially united with the cascade screen of the crystalline substance obtained above as a 
result of subsequent pre annealing. 

[0062] e. Perovskite mold crystal growth process (final annealing) 

Next, annealing is performed on the film obtained at said process d in 800-1000 degrees C still 
more preferably the burning temperature of 600-1200 degrees C. Although it changes with burning 
temperature and the formats of a furnace to be used, when an annealing furnace is used for 
example, about 0.1 - 5 hours of firing time are desirable, and it is more desirable. [ of about 0.5 - 2 
hours ] Moreover, when a RTA furnace is used, about 0.1 - 10 minutes is desirable, and about 0.5 - 
3 minutes is more desirable. Here, it set [ aforementioned ] RTA and this process was performed in 
1 minute and 650-degree Centigrade oxygen [ 5 +900 degree ] ambient atmosphere per minute. 
[0063] Moreover, with the gestalt of this operation, it can perform dividing this perovskite mold 
crystal growth process, i.e., annealing, into two steps, and carrying it out Annealing is performed at 
the temperature of about 600-800 degrees C, and, specifically, the temperature of 800-1000 
degrees C performs annealing on a second stage story on a first stage story. Furthermore, 
preferably, annealing can be performed at the temperature of about 600-750 degrees C, and the 
temperature of 800-950 degrees C can perform annealing on a second stage story on a first stage 
story. 

[0064] Of the above actuation, PZT whose thickness the particle size which consists of the 
column-like polycrystalline substance is 1.2 micrometers in 0.1 micrometers thru/or 0.5 
micrometers is formed on the lower electrode 14. Here, the effectiveness which titanium gives 
about crystallization of PZT is explained. This effectiveness is checked by this invention person 
using the electron microscope. 

[0065] In drawing 1 , island-like titanium is formed of the spatter on the grain boundary of the 
lower electrode 14. The diameters of crystal grain of a lower electrode are 0.01 thru/or 0.3 
micrometers. Since the platinum of using a lower electrode as a columnar crystal with such a 
diameter of crystal grain is FCC structure, it is easy to become a columnar crystal, and the 
diameter of crystal grain is possible from the reason for being controllable by the membrane 
formation rate at the time of a spatter. 

[0066] If it is going to form an island-like titanium crystal in the front face of a lower electrode, it 
will become the inclination for the island-like crystal of titanium to be formed in the grain boundary 
during the low platinum crystal of the surface energy of platinum. At this time, ranging over two or 
more titanium crystals, the PZT crystal grain which grows considering titanium as a nucleus 
reaches, and is formed. 

[0067] Drawing 3 is a mimetic diagram in which it is shown like the formation fault of the PZT 
crystal checked by the electron microscope, (1) is drawing which met in the height direction of a 
PZT crystal, and (2) is drawing which met in the direction of a path (width of face) of a PZT 
crystal. Drawing 4 is a actual electron microscope photograph, and the crystal of column-like PZT 
is formed on Pt electrode. Titanium crystal 14A is formed in the grain boundary of the lower 



electrode crystal 14. 

[0068] If PZT is grown up by using a titanium crystal as a nucleus, the crystal grain will grow so 
that PZT may straddle two or more platinum crystals of an adjoining lower electrode. Usually, its 
orientation of 1 1 1 is stable, and although production is also easy, if Pt forms the seed crystal of 
titanium in the grain boundary which cannot be more easily influenced of the orientation of 
platinum, it can use the crystal of PZT as the columnar crystal of a direction (001) which is not 
influenced of crystal-face bearing of platinum (100). Furthermore, since the crystal grain of PZT is 
formed ranging over two or more lower electrodes, it is expected that adhesion with a lower 
electrode will improve more. 

[0069] It is chart drawing of an X-ray diffraction analysis (XRD) when drawing 5 forms the piezo 
electric crystal thin film PZT on the lower electrode in which island-like titanium was formed, and 
drawing 6 is chart drawing when not forming island-like titanium. If drawing 5 is mutually compared 
with drawing 6 , when not forming island-like titanium, orientation (111) becomes strong and the 
piezo electric crystal constant of the orientation of the PZT film is also 180 pC/N. On the other 
hand, when island-like titanium is formed, or it is PZT (001) (100), when orientation becomes strong 
and the rate also increases to orientation (111), a piezoelectric constant also becomes high with 
190 pC/N. Here, a piezoelectric constant is that for which it asked from the displacement 
(distortion)-voltage characteristic, and the piezo-electric effect at the time of impression electric- 
field 250 kv/cm is shown. 

[0070] Furthermore, titanium forms in the shape of an island, and three-layer sequential formation 
of the PZT layer in which titanium was formed in the shape of an island is carried out, and further, 
if what carried out four-layer sequential formation of the PZT further is crystallized, titanium is 
used as a nucleus, and PZT will crystalize like previous statement and it will crystalize according to 
the diameter of crystal grain and the crystal structure of PZT which other PZT(s) adjoin. The 
island-like titanium between a PZT layer and a PZT layer is also controlled like previous statement 
of crystallization of PZT on titanium. 

[0071] In addition, it asked for measurement of a piezoelectric strain constant from the distortion- 
voltage characteristic of the cantilever shown in drawing 9 and drawing 1010 . That is, a 
piezoelectric constant (d31) is computed from delta measured since displacement delta was 
obtained by the degree type and thickness [ of Si substrate ] H, Young s modulus YSi and 
Poisson's ratio nu, Young s modulus YPZT of the piezo electric crystal film and the free length L of 
a cantilever, and applied voltage V. 
[0072] 

Delta=d 31, V, and (YPZT/YSi) -(3L2/H2)- (1-nuSi) (/(1-nuPZT)) The following relation between 
epsilon and displacement delta is about distortion, and distortion epsilon can be calculated again. 
[0073] t is the thickness of a piezo electric crystal thin film. 

[0074] epsilon={H2/(3(1-nusi) t L2)} -delta drawing 7 shows the transmission electron microscope 
image of the piezo electric crystal thin film obtained here. When this invention person examined the 
grain boundary (grain boundary) between two adjoining crystals (grain! and grain2), it was about 
5nm or less. There were some which cannot observe the grain boundary mostly. On the other hand, 
the transparency mold microscope image of the piezo electric crystal thin film created as an 
example of a comparison of this invention is shown in drawing 8 . The film as this example of a 
comparison added ten-mol superfluous water to one mol of PZT(s) into the sol first, accelerated 
hydrolysis beyond the need, and it performed at 650 degrees C for 5 minutes, 1 minute performed 
final annealing temperature at 700 degrees C, and it created it. When this invention person 
measured the grain boundary of this thing, it had width of face of 7-1 2nm or more. 
[0075] Furthermore, the residual strain to electricHleld impression with the piezo electric crystal 
thin film obtained according to this operation gestalt was measured by making the piezo electric 
crystal thin film of drawing 8 into the example of a comparison. 

[0076] Drawing 9 and drawing 10 are property drawings showing the measurement result when 
measuring on the conditions of fixing temperature for both residual strain and carrying out 
increment reduction of the electric field gradually. Drawing 9 is property drawing of the example of 
a comparison. On the other hand, although drawing 10 was created according to the MOD process, 
it is a result as for it, the result of the latter turns out that it is markedly alike compared with the 



former, and the residual strain is decreasing. When a residual strain falls, the piezo-electric 
property of the piezo electric crystal thin film of this invention becomes more than d31, and 
becomes possible [ demonstrating one about 1.2 times the piezo-electric strain property of this as 
compared with the conventional thing ]. Measurement of a residual strain was performed using the 
cantilever. Initial displacement in case an electrical potential difference is zero is equivalent to a 
residual strain. In the piezo electric crystal thin film with which crystal grain is assembled in the 
pillar-shaped direction, i.e., a grain boundary, by the thing of bulk with the random direction of a 
grain boundary of crystal grain, a residual strain becomes large to an almost right-angled thing to a 
vertical electrode. 

[0077] Furthermore, the trial to the foreign matter in the grain boundary of the piezo electric 
crystal thin film obtained by this example was performed. This trial was based on the electron ray 
diffraction pattern obtained according to the conditions of limit visual field diffraction. The white 
dot shown in drawing 1 1 and drawing 12 is a PZT crystal. The part shown by drawing 1 1 and 
drawing 12 is a part equivalent to the PZT grain boundary, and a PZT crystal presentation is a part 
for the foreign matter of the presentation from which the part surrounded by ** in this part differs. 
Drawing 1 1 is a pattern concerning the example of a comparison, and drawing 12 is a pattern 
concerning this operation gestalt The pattern of drawing 12 is understood that there is little 
abundance of an impurity clearly as compared with the pattern of drawing 1 1 . 

[0078] If it returns and explains to drawing 1 , after ending the process of drawing 2 (b), it will shift 
to the process shown in (c). At this process, thickness forms the up electrode 16 which consists of 
about 0.05-0.2-micrometer platinum by the spatter on the PZT film 15 obtained at the process 
shown in (b). 

[0079] Thus, the piezo electric crystal thin film as shown in drawing 1 was obtained. In addition, it 
was checked that the surface of discontinuity of the shape of a layer by the laminating which there 
is no generating of a crack and was mentioned above in the cross section does not exist in the 
obtained PZT film 15, either. 

[0080] Drawing 13 is the sectional view showing one ink reservoir part of the ink jet type recording 
head which used the piezo electric crystal thin film concerning this invention as a trembler. 
[0081] The ink jet type recording head concerning the gestalt 3 of operation The silicon substrate 
21 in which the ink reservoir 27 was formed as shown in drawing 13 , The diaphragm 22 formed on 
the silicon substrate 21, and the lower electrode 23 formed in the request location on a diaphragm 
22, 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to a piezo electric crystal thin film and its 
manufacture approach. This invention relates to the ink jet printer using the ink jet recording head 
and this which used this piezo electric crystal component further. In detail, this invention relates to 
amelioration of the new piezo electric crystal thin film which reduced the residual strain as much 
as possible. 
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PRIOR ART 



[Description of the Prior Art] The actuator using a piezo electric crystal thin film transforms 
electric energy into mechanical energy, or performs the reverse, and is used for a pressure sensor, 
a temperature sensor, an ink jet type recording head, etc. In this ink jet type recording head, the 
piezo electric crystal thin film is used as vibrator used as the driving source of the ink 
regurgitation. 

[0003] This piezo electric crystal thin film has the structure generally equipped with the piezo 
electric crystal thin film which consists of the polycrystalline substance, and the up electrode and 
lower electrode which are arranged on both sides of this piezo electric crystal thin film. Generally 
the presentation of this piezo electric crystal thin film is made into the binary system which uses 
titanic-acid lead zirconate (henceforth "PZT") as a principal component, or the three-component 
system which added the third component to PZT of this binary system. 

[0004] The piezo electric crystal thin film of these presentations is formed by a spatter, the sol gel 
process, the MOD process (Metalo organic decomposition process), the laser ablation method, a 
CVD method, etc. The ferroelectric using binary system PZT as these examples is indicated by 
"Applied Physics Letters, 1991, Vol.58, No.11, and pages 1161-1163." Moreover, JP,6-40035,A and 
the piezo electric crystal which used binary system PZT for "Journal of The American Ceramic 
Society, 1973, Vol.56, No.2, and pages 91-96" are indicated. 

[0005] When applying a piezo electric crystal thin film to for example, an ink jet type recording 
head, the piezo electric crystal thin film (PZT film) equipped with 0.4 micrometers - about 20 
micrometers thickness is suitable. Since a high piezoelectric strain constant is required of this 
piezo electric crystal thin film, it heat-treats at the temperature of 700 degrees C or more, and it 
is usually supposed that it is required to grow up the crystal grain of this piezo electric crystal thin 
film. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, according to this invention, there are few residual 
strains and it is possible to obtain the piezo electric crystal thin film excellent in the piezo-electric 
strain property. Since this piezo electric crystal thin film can demonstrate the variation rate which 
was excellent when electric field were impressed, the ink jet recording head equipped with this can 
enlarge ink discharge quantity. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] When forming the piezo electric crystal thin film (PZT 

film) equipped with thickness 0.5 micrometers or more and it heat-treats in order to obtain a high 

piezoelectric strain constant, the problem that a crack occurs is in the film. 

[0007] Moreover, the approach of thickening thickness of a piezo electric crystal thin film by 

applying a sol or a gel constituent, calcinating at an elevated temperature, crystallizing a piezo 

electric crystal thin film, and repeating this is "Philips J.Res.47 (1993') pages 263-285". It is 

indicated. 

[0008] The piezo electric crystal thin film obtained by this approach has the problem that 
workability is bad while it has a layer-like laminating interface and cannot acquire a good piezo- 
electric property. Moreover, if it heat-treats repeatedly, it will lead also to degradation of piezo- 
electric properties, like a crystal becomes non-orientation. 

[0009] Here, although a piezo electric crystal thin film is usually formed on the lower electrode 
formed on the substrate, the problem that curvature and a strain arise is in a substrate by heat 
treatment performed in case this piezo electric crystal thin film is formed. Moreover, it is also 
required between a lower electrode and a piezo electric crystal thin film to acquire good adhesion. 
[0010] Then, in order to raise the piezo-electric distorted constant of a piezo electric crystal thin 
film, when this invention persons examined many things, it found out that it was effective that the 
crystal of a piezo electric crystal thin film is predetermined crystal orientation, and have a 
columnar structure, and particle size has further the crystal structure which are 0.1 micrometers 
thru/or 0.5 micrometers (Japanese Patent Application No. No. 288757 [ nine to ]). 
[0011] However, when this invention persons inquired further, it came to discover the following 
problems. When electric field are impressed to the piezo electric crystal thin film of a virginal state, 
even if it removes this, a residual strain and a polarization strain occur in a piezo electric crystal 
thin film, and cannot acquire a good piezo-electric distortion property (variation rate property). 
That is, if electric field join a piezo electric crystal thin film and polarization of this is carried out, it 
will move in the domain (crystal grain) of the piezo electric crystal which forms a piezo electric 
crystal thin film so that a polarization shaft may be set in the direction of electric field. Then, it is 
thought that a cavity occurs in the grain boundary of particles and this causes a residual strain. 
[0012] Then, in order that this invention may solve this technical problem, the effect of the 
residual strain in a piezo electric crystal thin film can be removed, and it aims at offering the 
device excellent in the piezo-electric strain property. 
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MEANS 



[Means for Solving the Problem] As a result of this invention person's examining many things about 
the piezo electric crystal thin film which can attain such an object, it came to find out the piezo 
electric crystal thin film equipped with the following properties. 

[0014] There is [ whose foreign matter does not exist in it after carrying out polarization 
processing (polling) of the piezo electric crystal thin film to the grain boundary which is a boundary 
of the crystal grain of a piezo electric crystal thin film ] little abundance of a foreign matter. 
Moreover, the width of face of a grain boundary should be 5nm or less. Moreover, the orientation of 
the crystal grain with which the grain boundary adjoins should be a not continuous discontinuity 
layer. 

[0015] According to this invention person's knowledge, such structure is suitably attained also in a 
sol gel process by using an MOD process as stated above for manufacture of a piezo electric 
crystal thin film. Although a foreign matter is a compound formed from the element which 
constitutes PZT, that in which the presentation differs from PZT is said. 

[0016] For example, it is lead oxide (PbO). After impressing electric field to a piezo electric crystal 
thin film, the abundance of a foreign matter should just be regulated so that the abundance of a 
foreign matter may become the range of a request of a residual strain. For example, 2.5x10 to four 
or less are desirable. Or it is the range where improvement in the piezo-electric effect like the 
after-mentioned is obtained. After polarization processing of the piezo electric crystal thin film 
with which a foreign matter exists is carried out, it is clear to become the cause of a residual strain 
by X diffraction analysis mentioned later. In addition, a residual strain means a strain in case field 
strength is 0 kv/cm. 

[0017] Since there is little migration of the domain of the piezo electric crystal thin film produced 
by electricHleld impression at the time of polarization processing of a piezo electric crystal thin 
film or actuation according to this invention, there is [ whether a residual strain is small and ] 
almost nothing. This means that there are few hysteresis properties over electric-field impression 
for a piezo electric crystal thin film. Consequently, a distortion-electrical-potential-difference 
(electric field) property is good, and can offer a piezo electric crystal thin film with a big variation 
rate. 

[0018] The piezoelectric constant d31 from which an index is served as, the piezo-electric effect, 
i.e., displacement-voltage characteristic, of a piezo electric crystal thin film of this invention, is 180 
or more pc/N, and becomes possible [ obtaining the piezoelectric constant of 1.2 times or more ] 
as compared with the conventional thing. 

[0019] When the variation rate of the piezo electric crystal film impresses an electrical potential 
difference to a piezo electric crystal thin film, it is generated from a gap of the relative position of 
a metal atom and an oxygen atom. In the grain boundary between domains (between adjacent 
crystal grain), an opening occurs as a result of migration of a domain. Existence of this opening 
reduces the withstand voltage of a piezo electric crystal thin film. 

[0020] It is checked by this invention person that decreasing a foreign matter makes a residual 
strain fall. Moreover, in this invention, lessening width of face of the grain boundary in a piezo 
electric crystal thin film leads to the ability of the grain boundary itself [ used as the radical of the 
opening leading to residual distortion ] to be controlled. 



[0021] The crystal grain of a piezo electric crystal thin film constitutes the shape of a column to a 
vertical electrode, and it is desirable that the direction of field bearing of the crystal concerned is 
field (001) bearing of tetragonal system or field (111) bearing of a rhombohedral system. In addition, 
it is good also in the field bearing of (100). 

[0022] Since crystallization of the piezo electric crystal thin film by the sol gel process or the MOD 
process takes place from a lower electrode side, when controlling the crystal orientation of a piezo 
electric crystal thin film, it needs to be devised. For this reason, it is possible to form seed crystal 
when forming the crystal of a piezo electric crystal thin film on a bottom electrode. 
[0023] Seed crystal (source of a crystal) is constituted on the platinum crystal which consists of 
titanium and constitutes a lower electrode, or its grain boundary. Said piezo electric crystal thin 
film has the crystal orientation of field bearing as stated above, and is equipped with the column- 
like particle size of 0.1 micrometers thru/or the 0.5-micrometer crystal structure. 
[0024] Furthermore, the crystal of the piezo electric crystal film which grew as a nucleus is 
suitably formed ranging over two or more crystal grain of a lower electrode in the source of a 
crystal formed in the grain boundary of a lower electrode. By carrying out like this, the adhesion 
between a piezo electric crystal thin film and a lower electrode improves. 

[0025] Furthermore, other piezo electric crystal thin films of this invention are characterized by 
becoming more than a value almost equal to the particle size of said lower electrode, or it, when 
the particle size of said lower electrode is set as a desirable particle size when said piezo electric 
crystal demonstrates a piezo-electric property, and the particle size of the crystal of said piezo 
electric crystal grows considering said source of a crystal as a nucleus. 

[0026] The ink jet type recording head of this invention is characterized by having a piezo electric 
crystal thin film as stated above as vibrator. With one operation gestalt, this ink jet type recording 
head is characterized by coming to have the substrate with which the ink room was formed, the 
diaphragm with which the piezo electric crystal thin film in flexurally oscillating mode was fixed to 
the front face while closing one side of the ink room concerned, and the nozzle plate with which 
nozzle opening for ink regurgitation was formed while closing the field of another side of said ink 
room, and said piezo electric crystal thin film consisting of a piezo electric crystal thin film as 
stated above. 

[0027] By forming an island-like crystal kind on between [ which constitutes a lower electrode ] 
platinum crystal grain, this seed crystal is used as a nucleus, and it grows up in the shape of a 
column, and has the predetermined field bearing orientation **** crystal structure. When it is going 
to obtain the orientation of (111), this island-like titanium is not used. 

[0028] Furthermore, when the crystal of said lower electrode is set as a desirable particle size 
when said piezo electric crystal demonstrates a piezo-electric property, and the crystal of said 
piezo electric crystal grows considering said source of a crystal as a nucleus, the diameter of 
crystal grain of said piezo electric crystal can be carried out beyond a value almost equal to the 
particle size of a lower electrode. That is, since the crystal of a piezo electric crystal thin film can 
have the structure over two or more lower electrode crystals, it becomes possible to have the 
particle size exceeding the particle size of a lower electrode. Moreover, by forming the source of a 
crystal in the grain boundary which cannot receive effect in the stacking tendency of a lower 
electrode crystal easily, the crystal of a piezo electric crystal thin film can grow as a nucleus, can 
have this source of a crystal, and the stacking tendency of a piezo electric crystal thin film crystal 
can be made into the target thing. 

[0029] Furthermore, this invention is characterized by the residual distortion of said piezo electric 
crystal thin film being 2.5x10 to four or less in the piezo electric crystal thin film equipped with the 
piezo electric crystal thin film it was made to be distorted by impressing electric field. A 
piezoelectric constant is 150 or more pC/N preferably. Furthermore, this invention is characterized 
by being the actuator which used these piezo electric crystal thin films as a vibration source. 
[0030] 

[Embodiment of the Invention] Next, the gestalt of operation concerning this invention is explained 
with reference to a drawing. In addition, the gestalt of this operation explains the case where the 
PZT film is formed as piezo electric crystal film. Drawing 1 is the mimetic diagram showing the 
configuration of the piezo electric crystal component concerning this invention. As shown in 



drawing 1 , this piezo electric crystal thin film is equipped with the up electrode 16 formed on a 
silicon substrate 11, the silicon oxide 12 formed on the silicon substrate 11, the lower electrode 14 
formed on silicon oxide the titanic-acid-ized film (Ti/Ti02/Ti) 13 formed 12 top and the titanic- 
acid-ized film 13, the PZT film 15 formed on the lower electrode 14, and the PZT film 15, and is 
constituted. This titanic-acid-ized film is for improving the adhesion of a lower electrode and a 
PZT thin film. A vertical electrode consists of platinum, for example, respectively. 
[0031] The PZT film 15 consists of the polycrystalline substance, and as the grain boundary of this 
crystal grain shows drawing 14 and drawing 15 , it exists in the direction which extends to the flat 
surface of the vertical section electrodes 14 and 16 in an abbreviation perpendicular direction and 
the direction of thickness of a piezo electric crystal thin film. That is, the columnar structure is 
accomplished like the after-mentioned [ the crystal grain of PZT ]. 

[0032] Orientation of the crystal structure of this PZT film 15 is mainly carried out to the crystal 
face of which field bearing as stated above. 

[0033] here — "the amount of preferred orientation" — for example, the wide angle XRD — when 
the reflectivity of the field bearing (XYZ) side of the PZT film is expressed with I (XYZ) by law, it is 
defined as being what is expressed as I(XYZ)/{l(100) +1(110) +1 (111)}. 

[0034] That to which this PZT film 15 uses binary system as a principal component, and the thing 
which uses as a principal component three-component system which added the third component 
to this binary system are used suitably. What has the presentation expressed with the chemical 
formula of Pb(ZrxTi 1-x) 03+YPbO (being here 0.40<=X<=0.6, 0<=Y<=0.3) as a desirable example of 
binary system PZT is mentioned. 

[0035] Moreover, as a desirable example of three-component system PZT, what has the 
presentation expressed with the chemical formula shown in the following which added the third 
component is mentioned to PZT of said binary system. 

[0036] PbTiaZrb(AgBh) c03+ePbO+(fMgO)n (here, A expresses the trivalent metal chosen from the 
group which consists of a divalent metal chosen from the group which consists of Mg, Co, Zn, Cd, 
Mn, and nickel, or Sb, Y, Fe, Sc, Yb, Lu, In and Cr.) Moreover, B expresses the pentavalent metal 
chosen from the group which consists of Nb, Ta, and Sb, or the metal of 6 ** chosen from the 
group which consists of W and Te. Moreover, although it is a+b+c=1, 0.35<=a<=0.55, 0.25<=b<=0.55, 

0. 1<=c<=0.4, 0<=e<=0.3, 0<=f<=0.15c, g=f=1/2, and n= 0 however, A — a trivalent metal — it is — 
and B — the metal of 6 ** — not but — moreover, the case where g is 1/3, and h is 2/3, and Mg 
and B of A are Nb(s) when A is a divalent metal and B is a pentavalent metal — as long as — n 
expresses 1. As a more desirable example of three-component system, magnesium lead niobate, 

1. e., A, is Mg, B is Nb, and that 1 /whose 3h g is 2/3 is mentioned. 

[0037] Furthermore, even if it is any of these binary system PZT and three-component system 
PZT, in order to improve the piezo-electric property, Ba, Sr, La, Nd, Nb, Ta, Sb, Bi, W, Mo, calcium, 
etc. of a minute amount may be added. In three-component system, addition of Sr not more than 
0.10 mol % and Ba is especially much more desirable to an improvement of a piezo-electric 
property. Moreover, since addition of Mn not more than 0.10 mol % and nickel improves the degree 
of sintering in three-component system, it is desirable. 

[0038] Next, the manufacture approach of the piezo electric crystal thin film equipped with this 
structure is explained with reference to a drawing. Drawing 2 (a) thru/or drawing 2 (c) are the 
sectional views showing the production process of the piezo electric crystal thin film mentioned 
above. At the process shown in drawing 2 (a), it oxidizes thermally to a silicon substrate 1 1, and 
the silicon oxide 12 whose thickness is about 0.3-1.2 micrometers is formed on a silicon substrate 
11. Next, thickness forms the titanic-acid-ized film 13 which is 0.01 micrometers thru/or about 
0.04 micrometers on silicon oxide 12 by the spatter. Subsequently, the diameter of crystal grain 
forms the lower electrode 14 which consists of platinum by 0.01 thru/or 0.3 micrometers on the 
titanic-acid-ized film 13 by the spatter at about 0.2-0.8-micrometer thickness. 
[0039] Next, at the process shown in drawing 2 (b), titanium is formed in the shape of an island by 
the spatter on the lower electrode 14 formed at the process shown in drawing 2 (a). Island-like 
titanium can be formed by making this titanium into 40 thru/or 60A thickness. 
[0040] the crystal structure of the piezo electric crystal thin film which grew considering this 
titanium as a source of a crystal — or (001) (100) it has the orientation to a field and crystal grain 



is set to 0.1 micrometers thru/or 0.5 micrometers. In making crystal system of a PZT thin film into . 
a rhombohedral system (111), it does not use the process which forms island-like titanium. 
[0041] This manufacture approach is an approach of carrying out heating baking of a metal alkoxide 
and the sol which controlled hydrolysis of acetate and carried out stable distribution using 
alkanolamine or an acetylacetone, and adjusting an inorganic oxide. This manufacture approach 
consists of each following process. 

[0042] a. In the gestalt of membrane formation process book operation of a sol constituent, the 
constituent for PZT thin film fabrication can distribute the metaled alkoxide or the acetate which 
can form the PZT film which is the metal component of the sol for constituting the PZT film among 
the 2-n-butoxy ethanol as for example, a main solvent, and can be adjusted. At this time, 2 and 2' 
imino JIETA Norian (an alkoxide or hydrolysis inhibitor to acetate) is simultaneously put in into a 
solution. 

[0043] In this invention, the presentation of the PZT film mentioned above can be acquired by 
controlling the presentation of the metal in a sol. That is, let titanium, a zirconium, lead, the 
alkoxide of each metal component of further others, or acetate be a start raw material. 
[0044] Here, there is an advantage that the presentation of the metal component which will 
constitute the PZT film by the time it considers as the PZT film (piezo electric crystal thin film) 
eventually is maintained mostly. That is, the presentation of a metal component [ in / there are 
very little metal component and fluctuation especially according to evaporation of a lead 
component etc. during baking and annealing treatment, therefore / these start raw materials ] will 
be in agreement with the metal presentation in the PZT film obtained eventually. That is, the 
presentation of a sol is determined according to the piezo electric crystal film (the gestalt of this 
operation PZT film) which it is going to generate. 

[0045] Moreover, in order to obtain the PZT film which does not have lack of a lead component by 
evaporation of the lead component mentioned above with the gestalt of this operation, 15-mol the 
thing carried out to an excess to % is preferably more desirable than the amount of which a lead 
component is required from a stoichiometry in a sol to 20-mol %. 

[0046] As for this sol, with the gestalt of this operation, it is desirable to be used as a constituent 
mixed with the organic high molecular compound. This organic high molecular compound prevents 
effectively that absorb the residual stress of a thin film at the time of desiccation and baking, and a 
crack arises in this thin film. If the gel containing this organic macromolecule is specifically used, 
pore will arise in the gelled thin film which is mentioned later. It is thought that this pore absorbs 
the residual stress of a thin film in pre annealing and the annealing process which are mentioned 
further later. 

[0047] Here, as an organic high molecular compound used preferably, polyvinyl acetate, 
hydroxypropylcellulose, a polyethylene glycol, the polyethylene-glycol monomethyl ether, a 
polypropylene glycol, polyvinyl alcohol, polyacrylic acid, a polyamide, polyamic acid, an acetyl 
cellulose, its derivative, and those copolymers are mentioned. 

[0048] In addition, with the gestalt of this operation, the porosity gel thin film which is 1 
micrometer or less in magnitude, and had large distribution can be formed by adding a hydroxy pro 
PUROPI cellulose for the porosity gel thin film which has much about 0.05-micrometer pores by 
adding polyvinyl acetate. 

[0049] With the gestalt of this operation, a with an average molecular weight of about 285 to 800 
thing is suitably used as a polyethylene glycol. Moreover, as a polypropylene glycol, a with an 
average molecular weight of about 300 to 800 thing is used suitably. 

[0050] By the manufacture approach concerning the gestalt of this operation, this sol constituent 
is first applied on the lower electrode 14 (refer to drawing 2 (b)) which is going to form the PZT 
film 15. Especially the method of application at this time is not limited, but the approach usually 
performed, for example, a spin coat, (1500 revolutions per minute), a DIP coat, a roll coat, a bar 
coat, etc. can perform it Moreover, it can also apply by flexographic printing, screen-stencil, offset 
printing, etc. 

[0051] Moreover, when the process after it is taken into consideration, as for the thickness of the 
film per [ which is formed of said spreading ] layer, it is desirable to control so that the thickness 
of the porosity gel thin film formed in the gelation process mentioned later is set to 0.1 thru/or 0.3 



micrometers, and it is good to be more preferably referred to as about 0.15 micrometers. 
[0052] Next, the applied sol constituent is heated at air drying or the temperature (for example, 
180-degree Centigrade 10 minutes) of 200 degrees C or less. Here, said sol constituent can be 
further applied on this film dried (heating), and thickness can also be thickened. In this case, as for 
the film used as a substrate, it is desirable to dry at the temperature of 80 degrees C or more. 
[0053] b. Calcinate the film obtained at the gelation process of the film which consists of a sol 
constituent, next the membrane formation process of a sol constituent mentioned above, and form 
the porosity gel thin film which consists of an amorphous metallic oxide which does not contain the 
residual organic substance substantially. Baking is sufficient temperature to gel the film of a sol 
constituent and remove the organic substance out of the film, and is performed by [ sufficient ] 
carrying out time amount heating. 

[0054] It is desirable to make burning temperature into 300-500 degrees C with the gestalt of this 
operation, and it is still more desirable to make it 380-420 degrees C. Although it changes with 
temperature and the formats of a furnace to be used, when a cleaning furnace is used for example, 
about 10-120 minutes of firing time are desirable, and it is more desirable to consider as about 15 
- 60 minutes. Moreover, when a hot plate is used, about 1-60 minutes is desirable, and it is still 
more desirable to consider as about 5-30 minutes. Of the above process, a porosity gel thin film 
is formed on the lower electrode 14. 

[0055] c. Carry out heating baking of the porosity gel thin film obtained at the pre annealing 
process, next the process b mentioned above, and change this film into the film which consists of a 
metal oxide film of a crystalline substance. What is necessary is not to perform baking until a 
perovskite mold crystal occupies most during a crystal, and just to terminate it, when a gel thin film 
crystallizes to homogeneity although carried out at temperature required in order to change a 
porosity gel thin film into the film which consists of a metallic oxide of a crystalline substance. With 
the gestalt of this operation, as a burning temperature, the range of 500-800 degrees C is 
desirable, and it is more desirable to calcinate in the range which is 550-750 degrees C. Although it 
changes with burning temperature and the formats of a furnace to be used, when using an 
annealing furnace, for example, about 0.1 - 5 hours of firing time are desirable, and it is more 
desirable. [ of about 0.5 - 2 hours ] Moreover, when a RTA (Rapid Thermal Annealing) furnace is 
used, about 0.1 - 10 minutes is desirable, and about 1-5 minutes is more desirable. Here, in RTA, 
heating for 1 minute was performed Centigrade 600-degree 5-minute + Centigrade 725 degrees in 
an oxygen ambient atmosphere. 

[0056] Moreover, with the gestalt of this operation, this pre annealing process can be divided into 
two steps, and can be carried out As a first stage story, annealing can be performed at the 
temperature of the range of 500-600 degrees C, next, specifically, annealing can be first performed 
at the temperature of the range of 600-800 degrees C as a second stage story. Furthermore, as a 
first stage story, annealing can be performed at the temperature of the range of 500-550 degrees 
C, next annealing can be preferably performed at the temperature of the range of 600-750 degrees 
C as a second stage story. According to this process, the porosity gel thin film was transformed to 
the film which consists of a metal oxide film of a crystalline substance. 

[0057] d. Change into the film which consists of a metal oxide film according to the pre annealing 
process of Process C after repeating the processes a and b mentioned above further 3 times a 
repeat process, next henceforth and carrying out the four-layer laminating of the polycrystal gel 
thin film. 

[0058] In ranki ng second or (100) (001) forming the piezo electric crystal thin film of orientation, 
titanium is formed in the shape of an island by the approach as stated above on PZT, and it 
repeats the processes a, b, and c as stated above further 4 times. 

[0059] What is necessary is just to determine suitably the number of laminatings of the cascade 
screen obtained as a result of this repeat process in consideration of the thickness of the final 
PZT film 15. Here, it is good that it is 0.15 micrometers of hits much more. In addition, it cannot be 
overemphasized that it is desirable that it is the thickness which a crack etc. does not generate in 
degree process (process e) mentioned later. 

[0060] At this repeat process, the porosity gel thin film which newly formed the porosity gel thin 
film and was newly formed on the film formed previously as a result of subsequent pre annealing 



turns into film formed previously and film unified substantially. 

[0061] Here, a discontinuity layer may be not only when there is no discontinuity layer between the 
layers by which the laminating was carried out to the film unified substantially but between the 
layers by which the laminating was carried out unlike the case of the PZT film 1 5 concerning the 
gestalt of this operation obtained eventually. And in repeating Processes a and b further, a still 
newer porosity gel thin film is formed, and this new porosity gel thin film turns into film 
substantially united with the cascade screen of the crystalline substance obtained above as a 
result of subsequent pre annealing. 

[0062] e. Perovskite mold crystal growth process (final annealing) 

Next, annealing is performed on the film obtained at said process d in 800-1000 degrees C still 
more preferably the burning temperature of 600-1200 degrees C. Although it changes with burning 
temperature and the formats of a furnace to be used, when an annealing furnace is used for 
example, about 0.1 - 5 hours of firing time are desirable, and it is more desirable. [ of about 0.5 - 2 
hours ] Moreover, when a RTA furnace is used, about 0.1 - 10 minutes is desirable, and about 0.5 - 
3 minutes is more desirable. Here, it set [ aforementioned ] RTA and this process was performed in 
1 minute and 650-degree Centigrade oxygen [ 5 +900 degree ] ambient atmosphere per minute. 
[0063] Moreover, with the gestalt of this operation, it can perform dividing this perovskite mold 
crystal growth process, i.e., annealing, into two steps, and carrying it out Annealing is performed at 
the temperature of about 600-800 degrees C, and, specifically, the temperature of 800-1000 
degrees C performs annealing on a second stage story on a first stage story. Furthermore, 
preferably, annealing can be performed at the temperature of about 600-750 degrees C, and the 
temperature of 800-950 degrees C can perform annealing on a second stage story on a first stage 
story. 

[0064] Of the above actuation, PZT whose thickness the particle size which consists of the 
column-like polycrystalline substance is 1.2 micrometers in 0.1 micrometers thru/or 0.5 
micrometers is formed on the lower electrode 14. Here, the effectiveness which titanium gives 
about crystallization of PZT is explained. This effectiveness is checked by this invention person 
using the electron microscope. 

[0065] In drawing 1 , island-like titanium is formed of the spatter on the grain boundary of the 
lower electrode 14. The diameters of crystal grain of a lower electrode are 0.01 thru/or 0.3 
micrometers. Since the platinum of using a lower electrode as a columnar crystal with such a 
diameter of crystal grain is FCC structure, it is easy to become a columnar crystal, and the 
diameter of crystal grain is possible from the reason for being controllable by the membrane 
formation rate at the time of a spatter. 

[0066] If it is going to form an island-like titanium crystal in the front face of a lower electrode, it 
will become the inclination for the island-like crystal of titanium to be formed in the grain boundary 
during the low platinum crystal of the surface energy of platinum. At this time, ranging over two or 
more titanium crystals, the PZT crystal grain which grows considering titanium as a nucleus 
reaches, and is formed. 

[0067] Drawing 3 is a mimetic diagram in which it is shown like the formation fault of the PZT 
crystal checked by the electron microscope, (1) is drawing which met in the height direction of a 
PZT crystal, and (2) is drawing which met in the direction of a path (width of face) of a PZT 
crystal. Drawing 4 is a actual electron microscope photograph, and the crystal of column-like PZT 
is formed on Pt electrode. Titanium crystal 14A is formed in the grain boundary of the lower 
electrode crystal 14. 

[0068] If PZT is grown up by using a titanium crystal as a nucleus, the crystal grain will grow so 
that PZT may straddle two or more platinum crystals of an adjoining lower electrode. Usually, its 
orientation of 1 1 1 is stable, and although production is also easy, if Pt forms the seed crystal of 
titanium in the grain boundary which cannot be more easily influenced of the orientation of 
platinum, it can use the crystal of PZT as the columnar crystal of a direction (001) which is not 
influenced of crystal-face bearing of platinum (100). Furthermore, since the crystal grain of PZT is 
formed ranging over two or more lower electrodes, it is expected that adhesion with a lower 
electrode will improve more. 

[0069] It is chart drawing of an X-ray diffraction analysis (XRD) when drawing 5 forms the piezo 



electric crystal thin film PZT on the lower electrode in which island-like titanium was formed, and 
drawing 6 is chart drawing when not forming island-like titanium. If drawing 5 is mutually compared 
with drawing 6 , when not forming island-like titanium, orientation (111) becomes strong and the 
piezo electric crystal constant of the orientation of the PZT film is also 180 pC/N. On the other 
hand, when island-like titanium is formed, or it is PZT (001) (100), when orientation becomes strong 
and the rate also increases to orientation (111), a piezoelectric constant also becomes high with 
190 pC/N. Here, a piezoelectric constant is that for which it asked from the displacement 
(distortion)-voltage characteristic, and the piezo-electric effect at the time of impression electric- 
field 250 kv/cm is shown. 

[0070] Furthermore, titanium forms in the shape of an island, and three-layer sequential formation 
of the PZT layer in which titanium was formed in the shape of an island is carried out, and further, 
if what carried out four-layer sequential formation of the PZT further is crystallized, titanium is 
used as a nucleus, and PZT will crystalize like previous statement and it will crystalize according to 
the diameter of crystal grain and the crystal structure of PZT which other PZT(s) adjoin. The 
island-like titanium between a PZT layer and a PZT layer is also controlled like previous statement 
of crystallization of PZT on titanium. 

[0071] In addition, it asked for measurement of a piezoelectric strain constant from the distortion- 
voltage characteristic of the cantilever shown in drawing 9 and drawing 1010 . That is, a 
piezoelectric constant (d31) is computed from delta measured since displacement delta was 
obtained by the degree type and thickness [ of Si substrate ] H, Young s modulus YSi and 
Poisson's ratio nu, Youngs modulus YPZT of the piezo electric crystal film and the free length L of 
a cantilever, and applied voltage V. 
[0072] 

Delta=d 31, V, and (YPZT/YSi) -(3L2/H2)- (1-nuSi) (/(1-nuPZT)) The following relation between 
epsilon and displacement delta is about distortion, and distortion epsilon can be calculated again. 
[0073] t is the thickness of a piezo electric crystal thin film. 

[0074] epsilon={H2/(3(1-nusi) t L2)} -delta drawing 7 shows the transmission electron microscope 
image of the piezo electric crystal thin film obtained here. When this invention person examined the 
grain boundary (grain boundary) between two adjoining crystals (grainl and grain2), it was about 
5nm or less. There were some which cannot observe the grain boundary mostly. On the other hand, 
the transparency mold microscope image of the piezo electric crystal thin film created as an 
example of a comparison of this invention is shown in drawing 8 . The film as this example of a 
comparison added ten-mol superfluous water to one mol of PZT(s) into the sol first, accelerated 
hydrolysis beyond the need, and it performed at 650 degrees C for 5 minutes, 1 minute performed 
final annealing temperature at 700 degrees C, and it created it. When this invention person 
measured the grain boundary of this thing, it had width of face of 7-1 2nm or more. 
[0075] Furthermore, the residual strain to electric-field impression with the piezo electric crystal 
thin film obtained according to this operation gestalt was measured by making the piezo electric 
crystal thin film of drawing 8 into the example of a comparison. 

[0076] Drawing 9 and drawing 10 are property drawings showing the measurement result when 
measuring on the conditions of fixing temperature for both residual strain and carrying out 
increment reduction of the electric field gradually. Drawing 9 is property drawing of the example of 
a comparison. On the other hand, although drawing 10 was created according to the MOD process, 
it is a result as for it, the result of the latter turns out that it is markedly alike compared with the 
former, and the residual strain is decreasing. When a residual strain falls, the piezo-electric 
property of the piezo electric crystal thin film of this invention becomes more than d31, and 
becomes possible [ demonstrating one about 1.2 times the piezo-electric strain property of this as 
compared with the conventional thing ]. Measurement of a residual strain was performed using the 
cantilever. Initial displacement in case an electrical potential difference is zero is equivalent to a 
residual strain. In the piezo electric crystal thin film with which crystal grain is assembled in the 
pillar-shaped direction, i.e., a grain boundary, by the thing of bulk with the random direction of a 
grain boundary of crystal grain, a residual strain becomes large to an almost right-angled thing to a 
vertical electrode. 

[0077] Furthermore, the trial to the foreign matter in the grain boundary of the piezo electric 



crystal thin film obtained by this example was performed. This trial was based on the electron ray 
diffraction pattern obtained according to the conditions of limit visual field diffraction. The white 
dot shown in drawing 1 1 and drawing 12 is a PZT crystal. The part shown by drawing 11 and 
drawing 1 2 is a part equivalent to the PZT grain boundary, and a PZT crystal presentation is a part 
for the foreign matter of the presentation from which the part surrounded by ** in this part differs. 
Drawing 1 1 is a pattern concerning the example of a comparison, and drawing 12 is a pattern 
concerning this operation gestalt The pattern of drawing 1 2 is understood that there is little 
abundance of an impurity clearly as compared with the pattern of drawing 1 1 . 

[0078] If it returns and explains to drawing 1 , after ending the process of drawing 2 (b), it will shift 
to the process shown in (c). At this process, thickness forms the up electrode 1 6 which consists of 
about 0.05-0.2-micrometer platinum by the spatter on the PZT film 15 obtained at the process 
shown in (b). 

[0079] Thus, the piezo electric crystal thin film as shown in drawing 1 was obtained. In addition, it 
was checked that the surface of discontinuity of the shape of a layer by the laminating which there 
is no generating of a crack and was mentioned above in the cross section does not exist in the 
obtained PZT film 15, either. 

[0080] Drawing 13 is the sectional view showing one ink reservoir part of the ink jet type recording 
head which used the piezo electric crystal thin film concerning this invention as a trembler. 
[0081] The ink jet type recording head concerning the gestalt 3 of operation The silicon substrate 
21 in which the ink reservoir 27 was formed as shown in drawing 13 , The diaphragm 22 formed on 
the silicon substrate 21, and the lower electrode 23 formed in the request location on a diaphragm 
22, It is on the lower electrode 23, and it has the piezo electric crystal thin film 24 formed in the 
location corresponding to the ink reservoir 27, the up electrode 25 formed on the piezo electric 
crystal thin film 24, and the 2nd substrate 26 joined to the underside of a silicon substrate 21, and 
is constituted. 

[0082] Ink is supplied to the ink reservoir 27 through the ink passage which does not illustrate this 
ink jet type recording head. Here, if an electrical potential difference is impressed to the piezo 
electric crystal film 24 through the lower electrode 23 and the up electrode 25, the piezo electric 
crystal film 24 will deform, it will pressurize in the ink reservoir 27, and a pressure will be applied to 
ink. It is breathed out by this pressure from the nozzle which ink does not illustrate, and ink jet 
record is performed with it 

[0083] Since the piezo electric crystal thin film excellent in the piezo-electric property as stated 
above is used for this ink jet type recording head as vibrator, it can make ink breathe out by the 
big pressure here. Furthermore, an up electrode shows a piezo-electric high property, when 
impressing the driver voltage wave used as potential higher than a lower electrode. 
[0084] Although titanium was taken up and explained as said source of a crystal, if it cannot be 
restricted to this, but is the configuration element of the piezo electric crystal film, and it becomes 
seed crystal and it can alloy with a piezo electric crystal thin film, it will be used not being 
restricted to titanium. Moreover, although the lower electrode was used as platinum, effectiveness 
with the same said of iridium with the same FCC structure is acquired. 

[0085] Moreover, the creation means of a sol only differs from a sol gel process, and, as for an 
MOD process as stated above, other conditions are the same as a sol gel process. As for mixing of 
the sol in an MOD pro eel, a distributed sol does not hydrolyze in the sol liquid after mixing. That is, 
it is characterized [ the object and ] by not carrying out the above sol-gel reaction which forms a 
dehydration polycondensation or a gel network. 

[0086] Specifically, one of the alkanolamines and monoethanolamine are chosen as one of the start 
raw materials of sol liquid as a hydrolysis retardant of metal alkoxide metallurgy group acetate. By 
work of monoethanolamine, metal alkoxide metallurgy group acetate maintains a uniform distributed 
condition in sol liquid. Therefore, since the gel network looked at by the sol gel process is not 
formed, a still more homogeneous crystal can be obtained with a sol gel process. All to the 
sintering process for obtaining a crystal from the spreading process of a sol is the same as a sol- 
gel method. Other than the above-mentioned monoethanolamine, diethanolamine, triethanolamine, 
an acetylacetone, an acetic acid, etc. can be used as a hydrolysis retardant of a sol. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the mimetic diagram showing the configuration of the piezo electric crystal 
component concerning this invention. 

[Drawing 2] It is the sectional view showing the production process of a piezo electric crystal thin 
film. 

[Drawing 3] It is the mimetic diagram in which it is shown like the formation fault of the PZT 

crystal checked by the electron microscope. 

[Drawing 4] It is the actual electron microscope photograph. 

[Drawing 5] It is chart drawing of the X-ray diffraction analysis (XRD) at the time of forming the 
piezo electric crystal thin film PZT on the lower electrode in which island-like titanium was formed. 

[Drawing 6] It is chart drawing when not forming island-like titanium. 

[Drawing 7] The transmission electron microscope image of the piezo electric crystal thin film 
obtained here is shown. 

[Drawing 8] It is the transparency mold microscope image of the piezo electric crystal thin film 
created as an example of a comparison of this invention. 

[Drawing 9] It is property drawing of the example of a comparison showing the measurement result 
when measuring on the conditions of fixing temperature for the residual strain of this invention and 
the example of a comparison, and carrying out increment reduction of the electric field gradually. 
[Drawing 10] Temperature is fixed for the residual strain of this invention and the example of a 
comparison, it is property drawing showing the measurement result when measuring on the 
conditions of carrying out increment reduction of the electric field gradually, and a result is shown 
although created according to the MOD process. 

[Drawing 1 1] On the occasion of the trial to the foreign matter in the grain boundary of a piezo 
electric crystal thin film, it is drawing showing the electron ray diffraction pattern obtained 
according to the conditions of limit visual field diffraction, and the pattern concerning the example 
of a comparison is shown. 

[Drawing 12] On the occasion of the trial to the foreign matter in the grain boundary of a piezo 
electric crystal thin film, it is drawing showing the electron ray diffraction pattern obtained 
according to the conditions of limit visual field diffraction, and the pattern concerning this 
operation gestalt is shown. 

[Drawing 13] It is the sectional view showing one ink reservoir part of the ink jet type recording 
head which used the piezo electric crystal thin film concerning this invention as a trembler. 
[Drawing 14] It is the electron microscope photograph in which the crystal structure of the piezo 
electric crystal component concerning this invention is shown, and the cross section of the 
direction of thickness is shown. 

[Drawing 15] It is the electron microscope photograph and the crystal structure in the flat surface 
of a PZT thin film is shown. 
[Description of Notations] 

1 1 Silicon Substrate 

12 Silicon Oxide 



13 Titanic-Acid-ized Film 

14 Lower Electrode 

1 5 Up Electrode 
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T-e*>5«*« l fEtt<offi«frSH«9R^ 0 10 

SiS*fp) fffttti^ if l 7} 3 <o i ^-r*ta>— 

5 ] #HEJE«fr»IK^jBSgErpJ*K ( 1 1 
1) XI* (10 0) -C-*>5»*«l7iM4^^-rtt^- 

[«**6l ffiEftfttts MEffiSfc»JK*>«rit7ci!i 

EttttSBmnuic-?. 

^ ^31-.? 0 40 

1 1 ] #JS4*^&ft-&£E«*Sn!tSr»5A/-C 

MOD^nir^irjioTllff U Cixl;:<t:!9> g**« 1 
Xfi 3 Ett<OEE«frffiK$:»<& C £ -TSJEW*: 



hsCEft^sy K-CJboT. ttEBE«*»BW^j*s, St* 
* 1 75^»*:« 9 tf> i ^mdv-*^E«offi«ft:»JBt* 

[H*«l 4] 11*31 1 2X1*1 3!ESc?M v** 
5/ hEft^y K*«;tfc>f ^S^y h^y 

Effi«#»R<0R«ffi*.J&s, 2. 5X10" 4 £JLT-C4> 
[1**35 1 6 ] ffi«^»*S 1 5 0 p C/N^Jl_bOli* 

31 1 5 EttamBfrffiRH*?. 

[If *3S 1 7 ] »*J5 1 5 Xli 1 6 E*^BE«ft:«l» 
[00 0 1] 

[0 0 0 2] 

fetter <£>i££rfr 5 fc^fcot, EE;fcirviK IS-fey 
[0 0 0 3] C^EEKfraHRHI^fi. -J&fftlc. #^f B 

m^tez&mtmmk* £^ffi«fMBK*»A,-ceB 

Tpztj S:±*»tt$ 

[0004] ^tt^>(oia^ojEm*»^f±. Wxd ^ 

'^S^Sfe* //uy/^ MOD^nirX (Metal o organic 
decomposition process) ^ U — if T ^ -> 3 

tf^PZTS:fflV^aRS#dS, "Applied Physics L 
etters, 1991, Vol.58, No. 11, pages 1 161 - 1 163° t^fS 
«t£*LT^£ 0 ^^c. M¥6-40 0 3 5^i 

"Journal of The American Ceramic Society, 197 
3, Vol.56, No. 2, pages 91-96"(rfi. I^PZT 

[0005] mnfimmm**. w*-m y v 



(3) 



«NM¥l 1 - 2 1 4 7 6 3 



5£I5g^:x K^a«-T6»*, 0. 4 M 2 0 /£ ml 
SOfflU¥Srfflx.^:lEmft:»)« (PZTi) 

sot, a*. 7 o ot:jEJL±<o«aa-ctift*QfS*ffv\ c 

[0 0 0 6] 

[«P)##*LJ: 3 k-tZWkm] 0. 5/im^±«f 
*«B^fcJES»:»K (PZTI) SrJ&/£1-<5#£\ S5^ 

[0 0 0 7] ✓/U*/t«y/Hia*«ll*a*L-Ci* 

w£T\ ffim**Bl<ojBl«SrJ»<'rs*ft*s. "Philips 
J. Res. 47 (1993') pages 263-285" fcHJB^gFttTl^ 
5 0 

[0 0 0 8] r©*8fe^J:oT»€>n/tffi«flcj»]Bttt, 

[0009] ::t\ EE«fWMti4. a*, x«±k:* 
nmttom^ &&te&mmmt>tiz>zkh&mx&> 

[ooio] t:-e, £t(MRo£f 

6tC ttS*S0. UmMO. 5 ^m^SPig^ 
oh £ ^^T*^>6 £ k S: JL^fcti Lfc (#i¥9-2 8 
8 7 5 7f) 0 

[0011] LfrLK&b. ^Wl^ff)^ltl 

[0012] ^cf, *&m*^<owkm*M&:-rhfctb 

\z % flE«»}»ffl|«c*3»t58iat>i*^»»*l»<Ci:*5 
[0 0 13] 

»tl*t5:i^t*aE«*«l»:o^ti*»W so 



[0014] jE«*»Bt<oje*«[ra±<osi#-e*>5«a[# 

[0 0 16] M*.fi* Ifefcflft (PbO) T-&3o /Em* 
tltUt&\*\ Wx.tf. 2. 5X1 0~ 4 Em& s #£L 

[0 0 17] *|gW^J;ixrf N J£ttfrffH3R?05M£& 
3ffl«FXttWBil»<0«*att0^J:oT±i:-5. Emii 

MR* ^ Zk&X$<Z> 0 

[ooi8] *&m<D&mimmm*<hmna>Mk* -r* 
mtL— m&^m-mmt /iSE^td 3 1 # 1 

8 o P c/nu±x&>*). i£&<Dh<niztk%t^x, l. 
[0019] ffim<MBt<o»Sfi. ElMIS^-dfE 

[0 0 2 0] »*^a^^*5c:i:^«at>-f^*(£T 

£itzzt[-tez>^kte. *mw&\z±^xmmztix 

Kttf>S£ <o i><n&tomx$ h^k 

[0021] mm»mm<om&^L^ ±ts«i:#lx 

^ (ooi) ffi*(fi:xJiSffi#:fi*w (ill) ffi^fi 
-c*>5ct*s»*Lt\ ^^>ftk. (ioo) ^ci^fiT* 
t6^o 
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[0022] y/i-v t /i'mxmmy*iz*^£z>fem t ft 

[00 2 3] W£,H (ISM) tt^^e>»«**tT 

0. 5/im08f B »Mf^So 10 
[0 0 2 4] $6(31. »aiCfi. T««ttO»*«[i|l^ 

[0 0 2 5] ££>lc. ^M^tecDlESfraWKgR^tt. 

[0 0 2 6] *WM<DJ >?i?*L*y hSSJEft^jy K«U 

[0027] r&mm%:m&+z7'7 7Tm&*m±ic 

(i 1 1) <Dmfa&'&±? kTZtZlZ 

[0 0 2 8] £P>lw. WffiT»««0»SftS:miaE««: 
*SA#. *»^>T»«ai»S*J-«Fofc»3»4:«fori:3&s 

[oo2 9] £h\z, *&mn. mftzmu-tz^tiz 

-^K^T, fflriaESfls»K<0«em** s . 2. 5X1 so 



0- 4 UTXhZ>Z.k&&Wtt-tZ> 0 £E«^»tt, 
Kill 5 0 pC/N^_LT^6 0 #«Wfi. 

[0 0 3 0] 

l*> E1M t Lt P Z TflMM 

w-rz>o m i i^mm\^^^&mi^m^(Dm^^-r 
*tfc y = vbmur i 2 <t . ^> u = ^mtm i 2 jtjg/$ 

Ztlltnr^miM (Ti/TiOz/Ti^) 13h 

fldBIl 3±lzj&f&£intcT&mmi 4 TMH 4 

±K*fifc Sttfc P Z TIB 1 5 t . P Z Tm 1 5 Jiir^ 

^>BMfc«tt, T«««4:PZT*Ki:^*3»tt*rlRl± 
[00 3 1] PZTRl5tt#teft*i>t)4 5, r<0*£ 

14, i 5 {ctf-t j; 3 iw. ±yats 
mmjjfaizmi$z>jfmcff&\^x\<^ 0 -ttet>*>. pz 

[0 0 3 2] rcOPZTflgl 5^S*itfi, fEjS^ftr 

[0033] cct\ rgs^gj ^j^tf, je£^x 

RDSl:TPZTl«^|i (XYZ) ffiOR^gfiffiS: 

i (xyz) xm^tcm^. 

I(XYZ)/{I(100)+I(1 1 0) + I ( 1 1 1)} 
[0 0 3 4] c^PZTll 5lt -^^Sr^^t 

Pb (ZrxTii-x ) Oa+YPbO 
(ZZ.X\ 0. 40^X^0. 6, O^Y^O. 3) 

[0 0 3 5] =«^PZTO»*L^I#«i 

mm Lt£&Tiz^ik¥&x-mi?£tizmf$.$:&-rz> h 

[00 3 6] PbTia Zrb (AgBh)c03+eP 
bO+ ( f MgO) n 

(ZZX\ All. Mg, Co, Zn, Cd, MnMN 

Y, Fe, Sc, Yb, Lu, I n &XfC r 
^e>S«Six5 3fii5^JRS:Si-o Bli. Nb, 
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m-to ^7t, a+b + c= l, 0. 3 5 S a ^ 0 . 5 
5, 0. 2 5 ^ b ^ 0. 55, 0. l^c^O. 4, 
O^e^O. 3, O^f^O. 15c, g=f = l 
/2, n=OT-&£#> (IU A^3ffico^JHT*$>!9 „ 
^oB^6|(OMtt<, £fc, AdS2ffl5(D^JR-e*> 
•9. t)^B&5ffi<D&mX*$>Z>m'&s glil/3t'$) 
9s h*12/3-Cfot), AfiMg, B^NbtOf 

^lc|5g9. ni±l*SH- 0 ) =J*#*OJ:0»*Li\ft 

wj^Lm ^^->^A^^yg&&\ a # 

Mg-e$>«9, B^Nbtfct), h^2/3 10 

[0 0 3 7] :H63Mpzt^£^ 

fctf)^ gi(OBa, Sr, La, Nd, Nb, Ta, 
Sb, Bi, W, MoWCa?»^iitt)J:^o 
£ 9fc>*1\ HfiK^*-Ctt, 0. 1 Q^;\s%$XT<DS r, 

JSK^-Cfi. 0. 1 0^/U%^TCDMn, N i (^jg*D 

[0038] ^<nmm*m7ttz.&mfcmwm*<o 20 

»aS*ft^o^THffi«r#BRU"CKWr6. 0 2(a)* 

^i-B»ffiiar*fcSo HI2 (a)i:^tigt*ii, v-y^^ 

^o. 3-1. 2/zmM^y='yiftIi2^M 

t5 0 x'<*y*mz£y^ zsv =*>wt{umi 2_l 

ttAtt&d s 0. 01M0. 3^mt% 0. 2 — 30 

0. 8 n mB.m<Dmmx'i&f&-rz> 0 

[0 0 3 9] Hk\Z s S2(b)lC^tHT1i, I2(a)|l 

OM 6 OJris?* hn-^^fCt6l^ia «9 ^ 

[0 0 4 0] n<7>^*>-&ilsSS8g£ LT^UfcJEmft: 
»lg^j|SSflliSfi. (0 0 1) X(i (10 0) ®— e^gE 

pzTitoesi^iffiftsi (1 1 1) tc-r 40 

[0041] vr.ojH^*ifett, r/^y-^r^y, 

tMiT-tr^vUTir h>^£*ffl^T, tI7/^^>K, 

[0042] a . y^m&^m&TM 
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W;ttf. i^i^U(02-n-yh^x^/- 
[00 4 3] #3MPJfc:*3l^-Ctt* ^u^^JRcoffi^S: 

[0044] m^iipzn (Ei»i 

[0045] &fc. ^mmmmxte. mmi,t^^ 

2 0 "CEP 4 L < fi l 5 ^e^%4 T^SJ^-T 5 n 

[0 0 4 6] *SOfi<o*lB-ett, r^y/nitlH^ 
ik&totm&zfrtz.m&mh Lxm^htiz><D&#* l 

[0047] ccx% &i£L<m\<^tittmmfr*<k 

;un-7 x zKy i/y^y n— /k ^y^^i/^^y 

/u^ey ^^/uzc— TKy t°u->^y ^i — 
/k /f y e-;ur/i,n-/K /-Kyr^y/i^ Ttfyr^ 

h\ ^yrv^^i. Tir^ir/un— x&t/-£<Off« 

[0 0 4 8] f£& % xmMcoKmxte, /-KyRRf^ 
^r^D-r-5w^x% o. o 5 /xmgsosa^L^^is^r-r 

[0 0 4 9] *H«^ffiT-*i, *yxfi/yyi|3- 
¥^5>^-fi2 8 5-8 0 OmS^tj^^Hg 

Ji. 3 0 0-800 f£^<7) t <OdS»iBtwffi| i ^ 

[0 0 5 0] *mfi<ojgffii-«-5»ig*s-ett. 5fe-r, 



(6) 



1 1 -2 1 4 7 6 3 



& s h (1 50 0 0^) . 

[0 0 5 1 ] SWEift#^J:9«*S*i,5-**>fc 

5 y/WKxa^sst ^tjfm s tiz> ^nn^^mmom $ 10 

#0. 175^0. 3/xm^*-5J:5lw»J4»-t*'5ri:d5a 

[0052] »**ttfc^iia***a«Sftt«. 

*fefi2 o O^T^taS (Wx.ffx Wi80gio 

[0 0 5 3] b. >OP»/£fta*kft6JR^/WfcXS 20 

waufc^/vjBrtft^j^xa^wfcjRfcjK* 

+#ftffluR-CN +5>te»»ajRi--5rt^J:o-Cfi L 5o 
[00 5 4] *H*^fl0ffi-efi. JSJ«iaffi* 3 0 0 — 5 

OOtilf^^^^K, 3 8 0-4 2 0tlCt5 

^Iwfl, 10-12 0»SS^t<, 15-6 0 30 
h*ffl^fc»&U:f±. l-6 0^ifi^K, 5- 

[0 0 5 5] c. yi/7^-/Hg 

MLfciabt»fc*iL!t^iii*iDi** 

ft < . y/HIBl^*&-|-je4ft LfcBf ,&xi&T Sitrixtf 

0 < CO«SH* S #^L<. 5 5 0-7 5 0t^iX« 
-T^dr^, J:«J#4Li\, «EfiK«FM*±. Jft*«aKXt/ 

&£®imi-Z>%r&te. 0. l-5W«1gg^t<, 
0. 5-2^gg^«t»)^U> 0 RTA (Ra 

pid Thermal Anneal ing)J^£:£9b^£:8£\ 0. 1 — 10 
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[0 0 5 6] ^fc, *n*<ojKigx-#i, r^^u-r^- 

/WXg^-^jSgiC^ftT^Jfe-r-SC^^T^^o Jt*W 
LT, 5 0 0-6 0 0^1511 
<DMgXT-— /P&frV\ SlX&pgi: LT, 6 0 

o-8o ox:<D$smv>m.&T*T ~— /i>&?r5 ztfrx-z 

5 0 aFf>«C»*U<tt. i-W^lt, 500 

-5 5 o < c<ojsia<DMS-eT--/^m\ f§~ 

Lt, 6 0 0 — 7 5 OX^tGHW&gXT-— 

IR«rlM»0ftMfc{tiKa> «b ft SBtlcjC* $ 
[0 0 5 7] d. ^«9ilLXg 

[0 0 5 8] &1>X\ (10 0) Xfi (0 0 1) IEfp]<7) 
c £ § b 4 [DM 5 M-r o 

[0 0 5 9] r«?|fc!)jgUXSO«*»64x-6awlBI<0 
SJif&fi. iW^pzTii 5(Dfli;?£#!tL-tif:i: 

ft36i-^ffJ:l\ — H^/c <9 0. 15/xmT- 

$>5:H^t\ ft*5, (Ige) K*3 

r ^fiw5^"Ctjft^o 

[0 0 6 0] ^co»!5jSUXS-ef±. 5fe{^JF^L/c^± 

[oo6i] ^rx% mKt)\z—mkztiitmk&. m 
ft9s a*§^fc«pflfc^ii3BW*sfeo-ct <tt\ «tu 

ft#fl-Ky/HMtds«***L. ^©8©^U7=-;^ 
r<o«ffcft^7LKy/u«M*i. tWB-C»fc*M 
o«BBli:IIKW^-*{kSixfcl«i:ftSo 
[0 0 6 2] e. 4 hlftSSftlg (7 7 

MfaxadTWcM«c. ^i&jS6 o o-i 20 
o°c. $ hictff-t: l< fis 0 0 — 1 0 0 o'xz^mmxr 
--/L^fr3o jS^^Mfi. »*«a«^ ffiffl-re^ 

0. l-5NFFflgS^U<, 0. 5-2^ 

fl. 0. l-10»iS^»tL<, 0. 5-3^m^ 
*«J:D»*Ll\ CCXfi. HfffERTA^^X. Sft6 
50g5»+90 0gl^ K*»H«+X-*XSSr?T 

O /Co 
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[0063] ^ioiitii ^<D^<*y** 

6 0 0 — 8 0 0 < CS«^)iaS-Cr^-/PSrfTl\ H~f£ 
PSX-fix 8 0 0— 1 0 0 0t^fflt-C7=- /is&ftOo 

sewcffsuoi m-&mxn. e 00-7 5 
oncaft^aft-er^-^SrfTtv szsBtii, so 
0-9 5 O^^ffig-CT^— /uSrff 3 r fc*s-e#6, 
[0 0 6 4] ^SffHiot, T^mffil4_b(C 
tttt<0*«A*M*e>ftS* ljumT^O. 5 10 

|imtflW!5 J l. 2/imOPZT^M^5 0 ^ C 

T\ ^ p z T(7)^^^^o^-c#x.6^^lwOt> 

[0 0 6 5] mi l^io^T, TStil 4«lll 
fl ft«^^^s^^s/^fe{cJ:oX^StbT^ 
60 T»WS<0«»tta«t 0 . 01M0. 3/imT'$) 

[0 0 6 6] TS]S«8i^^ffi^ A^f 1 ^ ^«**:*rit 

[0 0 6 7] 0 311 «^-W»»cJ:oX»BS*tfcP 
ZT3@diOJfMiim^i-^I^T**>«9, (1) ttPZ 

Tea^iBS*rp)t-»ofcigr-*>?). (2) fipzTg 

mmk^MX'iy Pt S«<0 JL^ftflW P Z TOigfp 

[00 6 8] W>gM^UPZTMf^5 
£, PZTttBttf 5T«BJ«Sco*ft<oeAiB*^HF5 
<fc 5^^r©je*«[3&sj5R*i-5c, P tfil 1 \<oU 

zT^s*a^jeaffi*ffi<7)»*s:stt*o> (10 
0) . (0 0 1) *rp]^tt«iestc-r-5 r t&^mxtb 40 

5 0 £<blc, PZT^jBStfefiSia^Ta5*ffi^[»oT 

jtm£frx\,^z<Dx\ T&nMt<D&m&&£Qfa±-r 

[oo6 9] ms&mft^f^&xmLtzT&mmiiiz 
i£n»MmpzT&imkLtzm&<Dxm®mmft (xr 

d) <D7*- hmxh*)^ i6i^f-^y^MU 

^w&<o?~^- hmxtbz> 0 ms tme tzKi^itm 

filtt (in) ffi|pjas«l< lESfr^»4> 1 8 0 p 
C/Nffc5o Att^^Sr^/SLfcS'&fl P so 
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ZTtf) (10 0) Xfi (0 0 1) B|n]*:&< /^oT^oO 
*'J-&*> (1 1 1) SBrp)(w*J-UT^<^5r^^J:<9 x JE 

1 9 0 P c/Nts5<*6o cc-c% j±mfem 

til Ktt (^) -«JE«H4^b*«>fct<o-e, RPio 

m^2 5 0k v/cmOt^COJE^Sb^^i-tO-Cfc 
[0 0 7 0] $b\^ ^frmm^f&tStlfz P Z T 

«b lc p z T£ 4 J§HS&Jg/£ Lfc ^£*SilMfc: £iir5 <fc > 
^^^S:»^LTPZT*sfEi£co«t5«wJISS{kU ftfeco 

p z t t>^m-r5 p z To»*aa^»*»a(c-&i>fr 

[0 0 7 1] ftfe JE*t>T^i£tf>8!]5&l 0 9, HI 

S ft L t SiADtE v t ^ t>El^ft (dai ) fig 
[0 0 7 2] 

6=cfei-V-(Y pzt /Ysi )-(3L 2 /H 2 )-((l- v si )/(l- v pzr )) 

[0 0 7 3] tttffi**MK^*$-C*><5 Q 
[0 0 74] £ — {H 2 /(3(1- vsi )t L 2 )} • 6 

«*^-rt>^-C*>5. oe^jgfi (graining 

rain 2) <h (D MO JSSftl?- (grain boundary) fl 
f^UWLtt:^ IJff5nmaTt-*)ofc 0 

m&£^-r* ztott&Mt Lt^iii, 5fef//^cp 

Z T 1 ^/Mc^Lt 1 0 ^-/KOig!H*7KS:*P^.*D*^# 
Sr^SJW-bJriD^L. £o7r>f t^T^- /WaS£:6 
5 0tt'5^ 7 0 0tt'l5>t*tTotMtto 
t>^)^^Wfl *HM#^a'J^Lfc£r^), 7-1 
2 nrnJ^jK^ijl^oTI/^Co 
[0 0 7 5] Se>(^ H8<ojE«*»BtSrtt:«W£U 

t. *mmmiz£^x&hixfri£m#»mt<Dmnw 
[0076] mo, Eiion wi&<Dmmz>-r&&m.m 

#t£[^-C£>5 0 — ilOfiMOD/Pt^Ciot 

t>T^<£T-T 5 c £ J: «9 . ^mn^fiio/E 

« i . 2 «^ffi«t>"r^»tt**«-r 6 r t & 1 
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[0077] tsbiz. *nmw\c£^xmhtitci£m# 

-y|:J:of: 0 111, IDl 2{I/Tffi^K7h(lPZ 10 
Ti&IMI-C&S. Hill, Hl2X*/TtS^l PZTil£ 

t?a^> pzT&M>mf&kn&fj:zmf&<D^frxtb 

5 0 01 111, it^l^^^/^^-VT^^, mi 2 

i»iifii^b5/^-yt*$>^o mi 20/^- 
>fi. mi i<D'<?-i/^\£&LxwbM^i&yo<Dtf 

[oo7 8] miicm^xuw-rz>k, m2 (b) cox. 
a^yufc^ (c){^-rx^^fT-r5 0 

(1 (b)(C^-rXgT^#fcPZTHll 5_b(r x X/N>y^& 20 
\C£oX^ mm&, 0. 05 — 0. 2/zm^^y7f 

[0 0 7 9] ZCOX b I- LT, il(^tJ:9^El* 
ftib\ »^PZTil 51^ * 

[00 8 0] m 1 3 (i. ^(^5ElMii : i L ^ 

o?m >^?§i6^^-r^T®mT-fe6 0 
[0081] ^(o^3t^6^>^ v?^^ b^mm so 

tifrT&mm 2 3 ^ , T^ii2 3±x^ot, 

?&#>2 7(^lSU^ffig^^$ttfc/Em*«fll2 4 
/Em^Hi2 4±{r?fM^ttfci:^®ffi2 > 

y ^>mm2 icormicm^^ttrzm2com^2e 

[0 0 8 2] H^fSS—^ Ktt, 0^ 

LftW LT^f V^?g£> 2 7 (w^ >^ 40 . 

I^^tl^o CrT\ TUmM2Zk±.UmM2 5k*:ft 
LX. El*l2 4{cfE^Dt5^:, E1M2 4 
fc^m LT-f >^?g#> 2 7 f^9*DJE Lt^f V* IdJE^ ^flP 

[0 0 8 3] ^CDjl/fis^y h&M^y K 
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[0 0 8 4] huIS^^^LT, ^^^^^«9±tfTl^ 
[0 0 8 5] £fc. ^^MOD^nir^fi. V ;V<n\t$L 

y /ujfe t m c x &> z> 0 mod ^ n ir /n^^ 5 y /KDl^ 

[0 0 8 6] ^Clt ^/^OtB^HlSf^— oiCT 

* mat l ft v ^ & . «t t> je tc^ jc^s^ * 

&y/u<Dto*.&Mm±mk i*xmmxzz> 0 

[0 0 8 7] 

[B2] ffi«*»K*^-^»isia*^-rwrffiB-e*> 
^ 0 

IH3] m*mmmiz£^xmmztifcpzT&£h(DM 
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